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SHOCK RESULTING FROM THE INTRAPERITONEAL IMPLANTATION 
OF RECONSTITUTED DESICCATED MUSCLE* 


Ie. . Murrueap, M.D., ANp J. M. Hintn, M.D., DaLias, Tex. 


HE intraperitoneal implantation of skeletal muscle pulp has been demon- 

strated by Moon! to give rise to fatal shock when appropriate doses are used. 
We have modified this technique by desiccating the ground muscle from the 
frozen state and subsequently introducing the dry muscle plus a small volume 
of water into the peritoneal cavity by means of a syringe and troear. 


METHODS 


Healthy mongrel dogs under nembutal anesthesia (1 ¢.e. per 5 pounds 
body weight) were used. Skeletal muscle was obtained from the hind limb 
of a normal dog with the usual sterile surgical precautions. The muscle was 
passed through a sterile meat grinder and desiccated from the frozen state by 
the adtevae process.2 This procedure yielded a coarse, partly fibrous powder 
able to soak water readily. The dried muscle, 20 grams per unit, was stored in 
Erlenmeyer flasks for several weeks. Prior to use, 25 ¢.c. water were added to 
each unit. The resulting thick paste of muscle was introduced under pressure 
into the peritoneal cavity by means of a sterile metal syringe and a large trocar 
ordinarily used for suprapubie stab. The small incision for the trochar was 
closed with two to three sutures. The animals were observed periodically, 
and small samples (2 to 3 ¢.¢.) of venous blood were obtained for the following 
procedures: hemoglobin concentration of blood (photoelectric),? red blood 
cell count, hematocrit, whole blood- and plasma-specifie gravity.’ As soon as 
the animals were completely awake from the anesthesia, water by mouth was 
allo wed. 

*From the William Buchanan Blood, Plasma, and Serum Center. 

Received for publication, Aug. 16, 1943. 
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.—Fatal shock by intraperitoneal implantation of muscle substance. There is a terminal 
hemodilution in this case. The plasma specific gravity was steadily lowered. 
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2.—Recovery following a period of hemoconcentration. <A prominent anemia developed 
after recovery, but the plasma specific gravity was elevated. 
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In the seven experiments conducted, five animals received 15 to 25 grams 
of desiceated muscle, and two received 40 grams. 
Specimens of tissue from the viscera for microscopic study (H and E 
stain) were obtained from the animals after death. 
RESULTS 


All animals recovered from the anesthetic within 5 to 10 hours and were 


able to stand up in their cages. Three animals subsequently died in the state 


of shock; but four animals survived after a period of hemoconcentration and 
‘‘toxie appearance’’ and elinieally appeared normal for the one to several 


weeks observed. 


Fig. 3.—Photomicrograph of lung following fatal shock (225). There is marked capillario- 
venous stasis, edema, and capillary hemorrhages. 


All animals displayed venous hemoconeentration. The animals that ex- 
pired in shock exhibited the greatest peak of hemoconcentration from 18 to 22 
hours after the implantation, while of those that survived, the peak was 
reached in 8 hours in two, and in 18 to 22 hours in three. The degree of 
hemoconeentration was much lower in those animals that survived when com- 
pared to the group that expired. In the survival group, hemoconcentration 
bean to lessen after 10 to 22 hours and reached near-control levels within 30 
to 48 hours of the implantation, and in the subsequent days anemia developed. 
Two of the animals that died displayed a moderate terminal decrease in the 
venous hemoeconeentration. 
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The plasma-specifie gravity was lowered substantially before the animals 
were allowed water. This decrease began shortly after the implantation and 
continued for as long as 34 hours. According to Weech’s formula,® sueh de- 
crease in plasma-specific gravity represents a lowering of the plasma protein 
concentration. With survival, the plasma-specifie gravity was elevated as 
anemia appeared. 

When the animals were fully awake from the anesthetic, a ravenous thirst 
was observed. Vomiting was prominent, but some water appeared to be 
retained. There was weakness and a lethargic appearance throughout the 
experimental period, and the dogs surviving were disinterested in food for 
48 to 72 hours. 


Fig. 4.—Photomicrograph of liver following fatal shock (225). There is prominent atrophy 
of liver cords near the central vein and veno-sinusoidal stasis. 

Microscopie examination of the viscera and peritoneum following fatal 
shock revealed the widespread changes deseribed by Moon.’ The eapillaries 
and venules of the lungs, kidneys, suprarenal cortex, liver (sinusoids), and 
omentum were diffusely dilated and stuffed with red blood cells. Pulmonary 
edema was marked, and the cortex of the suprarenal glands displayed prominent 
infiltration with polymorphonuclear neutrophilic leucocytes. The liver cords 
near the central vein displayed prominent atrophy, and in one liver there was 
fairly widespread fatty metamorphosis. Cells of the renal convoluted tubules 
were granular and contained frequent small vacuoles. The spleen was con- 
tracted and almost bloodless. Sections in the region of the muscle implants 
revealed marked acute inflammation of peritoneum and surrounding structures, 
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focal proteolysis of the implanted muscle, marked infiltration of neutrophilic 
leucocytes with focal degeneration (karyorrhexis) of the leucocytes. The 
leucocytie infiltration extended into the bowel wall and the addomina! muscles. 

Examination of the peritoneum of the surviving animals weeks later dis- 
played encapsulation of the musele remnants by omentum with a partially 
fibrous wall. The exudate changed and became predominantly composed of 
numerous macrophages (chronic inflammation ). 

In one animal dying in shock the peritoneal cavity contained 500 ¢.e. of 
a watery fluid. The other animals revealed a seanty amount of bloody peri- 


toneal fluid. No other serious effusions were observed. 
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Fig. 5.—Photomicrograph of peritoneal region in fatal case (150). There is prominent 
edema of adipose tissue with fibrin deposition in enlarged interstices. In addition, the out- 
standing infiltration by polynuclear neutrophilic leucocytes is demonstrated about the implanted 
muscle fragments. 


COMMENT 


The intraperitoneal implantation of previously desiccated skeletal muscle 
is capable of producing fatal shock in dogs in the same manner as Moon! has 
demonstrated undesieeated muscle to produce fatal shock. The dose necessary 
for consistent fatal shock apparently exceeds 5 grams of dry muscle substance 
per kilogram body weight, since with doses of this size and less, only 3 out of 
7 dogs died in shock. Since Moon! has observed consistant fatal shoek with 
such doses of unchanged muscle substance, possibly the desiccation reduces the 


efiectiveness of the shock-producing agent. 
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The local lesion at the site of the implants was inflammatory in nature. 
At first the inflammation was acute with prominent edema of the peritoneum 
and surrounding tissues, lymphatic dilatation, and infiltration by polymorpho- 
nuclear neutrophilic leucocytes. Later there was fibrous proliferation about 
the implants with partial absorption of the muscle by macrophages. In no 
section did we encounter microscopic evidence of bacterial contamination. 

Most of the features in this type of shock resembled those of freezing 
shock.* The degree of venous hemoconcentration was quite comparable, and 
the findings in the viscera were similar, except for the peritoneal inflammation 
associated with the muscle implantation. 
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Fig. 6.—Photomicrograph of peritoneal region after recovery (225). Macrophages are 
inent in addition to remaining leucocytes. 

A greater portion of the bulk of the muscle fragments remained in thie 
peritoneal cavity after recovery. Apparently once the hemoconcentrating effects 
(circulating plasma loss) were overcome, the muscle substance lost its shock- 
producing qualities and persisted as a foreign body in the peritoneal cavity. 

The decrease in plasma protein concentration (plasma sp. gr.) was col- 
tinuous with the muscle implantation group and culminated in a state of 
hypoproteinemia. Such decrease in plasma protein concentration must represe 
the passage of a substantial amount of fluid into the plasma stream and has 1 
been observed during freezing shock. 
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Two features in the microscopic study were of interest. First, there was 
the marked central atrophy of the liver encountered (see photomicrograph). 
The liver cord cells near the central vein were thin and narrow, giving the 
sinusoids a widened appearance. This feature and fatty degeneration have 
heen observed in certain experiments on freezing shock.‘ Seeond, there was 
the lack of marked capillary dilatation and stasis in random samples from 
the general somatic musculature. This finding would seem to indieate that 
the eapillaries of the viscera and peritoneal surfaces are the ones most 
prominently involved. The same observation has been made in the state of 
shock following a severe freeze of one hind extremity of a dog. 


ig. 7.—Photomicrograph of skeletal muscle following fatal shock, from region remote from 
peritoneum (225). Most of the capillaries are closed. E 


The fact that in the dogs surviving, the muscle pulp after a period of 
time, measurable in hours (up to 22 hours in the present group), looses its 
ability to promote oligemia and hemoconcentration and by all indications 
becomes an inert foreign substance supports strongly the contention of Moon’ 
that substances capable of producing capillary damage are absorbed from the 
muscle pulp. The absorption of such substances must be the predominant 
cause of the oligemia. In another form of experimental shock, resulting from 
freezing and thawing of a hind limb of a dog,’ the loss of plasma fluid into the 


damaged limb seems to be the predominant cause of the oligemia. Both 


types of shock give rise to a similar appearance of the viscera. 
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CONCLUSIONS 

Reconstituted desiccated muscle is capable of producing fatal shock in 
dogs when it is implanted in the peritoneal cavity. Tor consistent fatal shock 
a dose greater than 5 grams per kilogram seems necessary. 

The changes in the viscera are identical to those following freezing 
shock. <A dilution of the circulating plasma proteins was noted where follow- 
ing a freeze no change or concentration of the plasma proteins had_ been 
observed. 

The fact that after a period of time in the survival group the muscle 
substance looses its shock-producing qualities, i.e., its ability to lower the plasma 
volume and cause hemoconcentration, is evidence in favor of the absorption of 


shock-producing substances. This feature is in contradistinetion to shock 


following a severe freeze of one hind extremity where loeal plasma fluid loss 
appears to be the predominant etiologie factor. 
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ACUTE MACROCYTIC HEMOLYTIC ANEMIA OCCURRING 
FOLLOWING ADMINISTRATION OF SULFADIAZINE* 


JouN A. LAYNE, M.D., ann EF. R. Scuemm, M.D.. Great Faucs, Mon. 


EK HAVE recently had opportunity to observe the development of an acute 

macroeytic hemolytic anemia in a patient with bronchial asthma whe was 
receiving sulfadiazine for the treatment of bronchopneumonia. A high titer of 
the cold agglutinin was present also in the plasma of this patient. There have 
been a number of reports of hemolvtie anemia following administration of sulfa- 
nilamide, but it has been observed less frequently with the use of sulfadi- 
azine." *° We feel, therefore, that this case is of sufficient interest to report. 


CASE REPORT 

Mrs. K. K., aged 39 years, had suffered from hay fever and bronchial asthma since 
the age of 16. There had been progression in the severity of her asthmatie exacerbations, 
and hospitalization was necessary in October, 1942, for an especially severe attack. The pa- 
tient was re-admitted to the hospital on Jan, 24, 1945. She had had paroxysmal dyspnea, 
cough, and fever for a week prior to admission; vomiting and headache had heen present for 
24 hours. 

Examination at the time of admission to the hospital showed an obese white female 
weighing 98.6 kilograms, severely dyspneic, moderately cyanotic, and complaining of severe 


’ 


headache. Her temperature was 104.4° F. (rectal), pulse 110 per minute, respirations 24 
per minute. There were asthmatie rales and wheezes throughout both lung fields. The rales 
Were coarser and more abundant over the left base posteriorly where the percussion note and 
transmission of breath sounds were impaired. The blood pressure was 110 millimeters of 
mereury systolic and 60 millimeters diastolic. The physical findings in the remainder of the 
examination were within normal limits. Repeated examinations of the sputum showed a pre- 
dominance of streptococci; no acid-fast organisms were present. ‘The Wassermann test of 
the blood was negative. The other pertinent laboratory findings are shown in Table I. 

The clinical impression at this time was that the patient had a bronchopneumonia in 


the left lower lobe superimposed upon a chronie bronchial asthina. 


With symptomatic and general supportive treatment, progress was satisfactory for the 


first forty-eight hours and the temperature descended to 100.6° F. (rectal). On the evening of 
January 26 the patient experienced a sudden chill and elevation of temperature to 103.2° F. 
(rectal). Sulfadiazine was then started and continued in the dosage shown in the table. 
Roentgenoscopie examination of the chest on January 28 showed a number of densities about 
one centimeter in diameter throughout the left lung field. The right lung appeared to be 
clear at this time. The sulfadiazine was discontinued on January 31, as there appeared to 
be no clinical improvement from its use. On this day urinalysis showed the presence of many 
crystals of sulfadiazine; the specific gravity of this specimen of urine was 1.017, albumin 
and casts were absent, and the total urine output for that 24-hour period was 1400 e.c. In 
the next twenty-four hours a marked elevation of temperature occurred together with clinical 
signs of extension of the pneumonia to the right lung, and this was confirmed by roentgen- 
Oscopic examination. The sulfadiazine was resumed for a period of twenty-one hours, in which 
time 8 Gm. were given. It was discontinued the evening of February 3 because of the alarm- 
ing clinical appearance of the patient. Marked pallor and extreme prostration were present. 


*From the Department of Medicine, Great Falls Clinic. 
teceived for publication, Sept. 3, 1943. 
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On the following morning the laboratory evidence of the blood changes shewn in the table 
was obtained. Forty-two hours after the last dose of sulfadiazine was administered on Feb- 
ruary 3, the level of the drug in the blood was still 2.7 mg. per 100 ec, Granular casts 
were present in the urine from February 6 to February 9. The urine was examined for 
hemoglobinuria on several occasions but none was present. 

Examination of the stained smears of the peripheral blood on February 4 at the time 
that the hemolytic anemia was first apparent showed anisocytosis, poikilocytosis, and a con- 
siderable number of nucleated red blood cells. The leucocytes were normal except for a 
marked shift to the left with an increased number of band forms, Considerable difficulty was 
experienced in preparing blood smears as a result of the clumping of the erythrocytes. Be- 
cause of this difficulty and because all individuals whose blood was of the same group as the 
patient’s failed to cross match, the presence of the cold agglutinin was suspected and this 
was found to be present. The reaction of the autoagglutination which was present in the 
= 7 ia OF 


patient’s plasma was accelerated by cold and was reversible at 3 These changes per- 


sisted in the blood during the next four days, during which time the hemoglobin decreased 
further to 3.75 Gm. per 100 ¢.c. and the erythrocyte count to 1.27 millions. There was a 
marked reticulocytosis, and the cold agglutinin remained actively present. The patient was 
slightly icterie during this period and the blood bilirubin was 2.9 mg. per 100 ¢.c. The quali- 
tative van den Bergh reaction was delayed. The patient was much too ill during this time to 
permit collection of feces for quantitative determination of urobilinogen. There were 2.4 
and 3.0 mg. of urobilinogen per day in the urine (obtained by inlying catheter) on February 
6 and February 8 respectively. The fragility test of the blood was normal. The platelet 
count was 249,000. Bleeding and clotting times were normal. Aside from the rise in blood 
urea (see table), the other metabolites of the blood including cholesterol, chlorides, carbon 
dioxide combining power, and the plasma proteins were normal. 

During the period from February 3 to 7, the patient continued to fail clinicelly. She 
was comatose, incontinent, and there was elevation of temperature and pulse rate. She re- 
mained at a semimoribund level until February 10, when she began to show signs of clinical 
improvement, which continued slowly but steadily until discharge from the hospital. Sup- 
portive measures included: oxygen administered constantly from January 31 to February 10 
and intermittently to February 17; adrenalin, minims 5 every hour from January 26 to Febru- 
ary 11 and intermittently thereafter; ephedrine and occasional doses of aminophylline; and 
intravenous supplements of 5 per cent glucose in distilled water whenever a diminishing urinary 
output indicated their need. During this entire period, however, urinary output was never 
allowed to decrease below 950 ¢.e. in a 24-hour period and in most instances exceeded 1200 e.c. 
On purely empirical grounds, liver extract was administered intramuscularly in a dosage 
of 90 units on February 9 and February 10, and it was continued in a dosage of 15 units 
daily thereafter for two weeks because of the coincidental improvement following the massive 
doses. The clinical response preceded any favorable changes in the blood. 

Examination of the fundi appeared to give a good indication of the destructive effect 
on the vascular bed coincident to the hemolytic anemia. As the patient’s condition gradu- 
ally improved, she became aware of the fact that she had suffered a loss of visual acuity. 
Examination of the fundi on February 19 by Dr. A. L. Weisgerber showed the presence of 
many retinal hemorrhages. The deeper ones were round, sharply circumscribed, and of a 
dark red color. One of these had a sharply punched out center. Superficial hemorrhages were 
also present but were not as abundant as the deeper ones. The dises were normal. The blood 
vessels were of normal size and mildly tortuous. The loss of vision was accounted for by the 
presence of many hemorrhages in the macular areas. No fresh hemorrhages appeared after 
this time, and by the time the patient was discharged from the hospital on March 6 there 
Was considerable improvement in the appearance of the fundi. By that time several of the 
hemorrhages had been absorbed and the remaining ones were gradually fading. Visual 


acuity had improved to the point that the patient was able to read large news print. 


At the time the patient was discharged from the hospital on March 6, she was still weak, 
although she had been allowed to be up in a chair for short intervals. The asthma was still 
present and required an occasional injection of adrenalin. The cold agglutinin could no longer 
be cemonstrated in the blood, having disappeared a week previously. The reticulocytes had 
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returned to normal, and examination of the morphology of the peripheral blood showed no 
significant change from the normal. 

Since discharge from the hospital, the patient has been seen at the Clinic on two ocea- 
sions. On March 31, hemoglobin had increased to 15.7 Gm, per 100 e.c., and the erythrocyte 
count to 5,720,000. When last seen on May 14, she had been well except for an occasional 
attack of asthma. 


DISCUSSION 


Peterson, Ham, and Finland® have recently reported three cases in which 
acute hemolytic anemia occurred in patients suffering from primary atypical 
pneumonia of unknown etiology. Each of these patients had received sulfa- 
thiazole or sulfadiazine. In two of these patients a reversible autohem- 
agglutinin (cold agglutinin) was present. The authors found in addition that 
the cold agglutinin was present in the serum of the great majority of patients 
with primary atypical pneumonia; a large percentage of those patients showing 
increased concentrations of autoageglutinins had not received sulfonamide ther- 
apy during the course of their illness. Reisner and Kalkstein® in an extensive 
review of the literature up to 1942 were able to collect only 54 cases of auto- 
agglutination. The recent reports by Peterson, Ham, and Finland® and _ of 
Horstmann and Tatlock,’ however, suggest that this condition oceurs with 
greater frequency than has been previously recognized. 

Watson and Spink’ observed an increased hemoglobin metabolism follow- 
ing the administration of sulfanilamide and sulfapyridine, associated with a 
tendency to the development of a macroeytic, hypochromie type of anemia. 
However, the actual factors which appear to accelerate the development. of 
anemia in certain sensitive (?) individuals remain unknown. 

The many retinal hemorrhages and the loss of visual acuity which oceurred 
in this patient warrant further mention. Peterson, Ham, and Finland’ ob- 
served that phlebothromboses and pulmonary emboli occurred in certain of 
their patients showing cold agglutinins in the blood. It does not appear im- 
probable therefore that the retinal hemorrhages seen in this patient were as- 
sociated with intravascular clumping of the erythroeytes, thrombus formation, 
and subsequent damage to the wall of the blood vessels, leading to hemorrhages 
outside the vessel wall. 

Improvement in the patient’s condition occurred coincident to the admin 
istration of 90 units of liver extract (15 units per eubie centimeter) on two 


successive days. At this time there was no evidence that this therapy was specific 
in its action, and that recovery might not have ensued without its use. The 
recent report of Kornberg, Daft, and Sebrell,* however, does offer some exper'i- 
mental evidence to suggest that the liver extract may have had a role in the re 
covery of this patient. These authors observed that rats fed sulfathiazole, sulfa- 
diazine, or sulfanilamide at a one per cent level in purified diets developed 4 
severe granulocytopenia or anemia, or both. Treatment with certain liver fr: 


tions administered orally succeeded in correcting the granuloeytopenia and | hie 
anemia in spite of continued ingestion by these animals of the sulfonamide-co- 
taining diet. 
SUMMARY 
1. A ease of acute macrocytiec hemolytic anemia which occurred follow! 
sulfadiazine therapy for an atypical pneumonia is reported. - 
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2. A true reversible cold hemagglutinin was present in the plasma of this 
patient during the period of acute illness. The possible relation of this phe- 
nomena to the changes occurring in the retinae and the resulting loss of visual 


acuity is discussed. 

3. Recovery of the patient occurred coincident to the administration of liver 
extract. Recent experimental observations in animals would appear to justify 
further study of the effect of this therapy in the prevention and treatment of 
macrocytic hemolytic anemia in the human being, particularly those cases oe- 


curring subsequent to the administration of the sulfonamides. 
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MICROSCOPIC OBSERVATION OF COLLODION PARTICLE 
AGGLUTINATION IN PROTEIN-ANTIPROTEIN 
SYSTEMS* 


MartTIN BurGrer, M.Sc., New Yor, N. Y. 


T HAS been shown that it is possible to obtain antigen-antibody reactions on 

the surface of collodion particles, thus converting precipitin or floceulating 
type of reactions into agglutinations.'* A comparison of the collodion particle 
agglutination technique with other methods of determining antigen and anti- 
body titers has also been reported..-'! 

The object of this report is to show that, by means of a microscopic tech 
nique, antibodies can be detected at titers much higher than those obtained by 
the precipitation test or by the macroscopic collodion particle agglutination 
method. 

EXPERIMENTAL 


Collodion particles were prepared as deseribed in a previous communica- 
tion.” Three comparative sets of experiments were carried out simultanec siv 
for each protein and its homologous rabbit antiprotein antibody, namely: (a) 
an ordinary precipitation test, (b) a macroscopic collodion particle agelutina- 
tion test, and (¢) a microscopic collodion particle agglutination test. 

The precipitation tests were made by adding 0.5 ¢.c. of antigen (diluted 
1:10 in saline) to 0.5 ©«. of antiserum dilutions. The mixture was shaken 
thoroughly, placed in the refrigerator overnight, and read the following day. 

The macroscopic collodion particle agglutination tests were made by firsi 
sensitizing the collodion particles with antigen. This was accomplished hy 
centrifugalizing, for five minutes at 3000 revolutions per minute, 5 ¢.c. of the 
stock collodion particle suspension. The aqueous supernate was discarded and 
the sediment resuspended in 10 ¢.c. of antigen (diluted 1:10 in saline). This 
suspension was placed in the refrigerator overnight and centrifugalized for 
one to two minutes at 3000 revolutions per minute the following day. All bui 
0.5 e.c. of the supernate was decanted; then 9.5 ¢.c. of saline were added to the 
sediment and mixed thoroughly to give a homogeneous suspension, The particles 
so sensitized constituted the antigen. For the test, 0.2 ¢.¢. of each antiserum 
dilution was added to 0.2 ¢.c. of sensitized particles (antigen) in agglutination 
tubes. The tubes after thorough shaking were placed in the refrigerator over- 
night, and on the following day 0.5 ¢.c. of saline was added to each tube. The 
tubes were then centrifugalized in the angle centrifuge for one to two minutes 
at 1500 revolutions per minute, and the agglutination was observed by geni|y 
tapping the bottom of the tube a few times, thereby resuspending the sedimet''. 
The addition of the 0.5 ¢.. of saline, as stated above, and the use of a maz- 

*From the William Hallock Park Laboratory, Bureau of Laboratories, Department 


Health. 
Received for publication, Sept. 8, 1943. 
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nifier glass greatly facilitated the readings. A microscopic examination of 
each suspension showed a twofold or fourfold increase in the titer, but in most 
instanees a clear-cut final titer or end point was not obtained because the antigen 
controls in some experiments or the antiserum controls in other experiments con- 
tained clumps which were not detectable macroscopically but resulted in 
anamolous readings in the region of the end point when examined micro- 
scopl cally 
TABLE I 


CHICKEN-ANTICHICKEN SYSTEM 





ANTI- 
SERUM 
DILUTION 
Ls 


KEADING REMARKS 





Ordinary Precipitation Test 
| 5 ; Antigen control: 0.5 ©. chicken serum 
10 + (1:10) + 9.5 e@.e. saline. 
‘ 20 | SI. cloud 
4 | 40 - 
5 $0 - Antigen + pneumocoecus antiserum (rab- 
6 160 bit) control: 0.5 e.e. chicken serum 
Antigen control - (1:10) + 0.5 «ec. of an antipneumococcus 
Antigen + pneumococeus anti- - serum (1:5) 
serum (rabbit) control 








Macroscopic Collodion Particle Agglutination Test 





5 + Antigen control: 0.2 ©. chicken serum 
10 ; sensitized collodion particles + 0.2 ee. 
20 + saline. 

40 
80 - Antigen + pneumococcus antiserum control: 
160 . 0.2 ¢.c. sensitized particles + 0.2 ¢.c. of an 

32 . antipneumococcus serum. 

640 

‘ 1280 

10 2560 

Antigen control 

Antigen + pneumococcus anti- 
serum control 


4 
”» 
4 


oo | 


( 














Microscopic Collodion Particle Agglutination Test 








Antigen control: 0.02  ¢.e. collodion par- 
ticles + 0.1 ee. antigen (1:19) + 0.1 ee. 
saline. 


vd 
10 
20 
40) 
SO 
160 
320 
640 
e) 1280 
10 2560 
11 9120 
12 10240 
Antigen control 
Antigen + pneumococeus anti- 
serum control 
Collodion particle control 


SO SS if 
I+ * x 


ate. od 


Antigen + pneumococcus antiserum control: 
0.02 ¢.c. e.p. + 0.1 ee, antigen (1:10) + 0.1 
c.c. of an antipneumococcus rabbit serum. 


ANA ACOs vio —| 
+ 


Collodion particle control: 0.02 ee. ep. 
+ 0.2 e.e. saline. 


Antiserum controls: 0.02 ¢.c. ep. + 9.1 @e. 
antiserum dilution + 0.1 e.e. saline. 


It 1+ it 1+ i++ 














*Visible precipitate containing enmeshed collodion particles. 
{The antigen control showed many small clumps and single particles in a ratio of about 
‘1 and is recorded as +. Therefore, tubes 9, 10, 11, and 12 which also showed + reactions are 
recorded as (—) negative. 


The microscopic tests, which form the basis of this report, were carried 
Oui. essentially in a manner described previously.’ In the present tests 0.02 
¢.c. of eollodion particle stock suspension was transferred to agglutination 
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tubes. Then 0.1 ¢.c. of antigen (diluted 1:10 in saline) was added and mixed 
thoroughly. The tubes were allowed to stand for fifteen minutes, and finally 0.1 
e.c, of antiserum dilution was added. The tubes were rotated vigorously to 
assure thorough mixing and placed in the refrigerator overnight. The next 
day, a drop of the mixture was placed on a plain glass slide. Next to it was 
placed a drop of the antigen control mixture, and finally a third drop eontain- 
ing the antiserum control mixture was placed on the slide. Each drop was covy- 
ered with a cover glass and examined under the oil immersion lens. An explana- 
tion of the controls appears in the tables following. 


TABLE II 
Eac WiitE-ANTIEGG WHITE SYSTEM 





SERUM 

DILUTION 
i 

Ordina 


READING REMARKS 





ry Pre cipitat ion Test 





Antigen control: 0.5 «.c. egg white (1:10 
+ 0.5 @.c, saline, 
Cloudy | 
- Antigen t pneumococcus antiserum eon 
f = trol: 0.5 ee. egg white (1:10) 4+ 0.5 ee. 
6 - of an antipneumocoecus rabbit serum 
Antigen control - (259). 
Antigen + pneumocoeccus anti- | - | 
serum control 











Macroscopic Collodion Particle Agglutination Test 








| > | | |Antigen control: 0.2 «ec. egg white sensi 
| 10 | tized collodion particles + 0.2 ¢.¢, saline 
| 20 
| 40 Antigen + pneumocoecus antiserum con 
SO trol: 0.2 ¢.c. sensitized particles + 0.2 
160 cc. of an antipneumococcus rabbit serum. 
520 
640 
9 L000 
10 3200 
Antigen control 
Antigen + pneumococcus anti- 
serum control 


1 
9 
4 


) 
j 


nn 








Mici 


oscopic Technique 





b +-* Antigen control: 0.02 ¢.c. collodion par 
10 o+ ticles + 0.1 ¢.c, antigen (1:10) + 0.1 ec. 
20 saline. 

40 Antigen + pneumocoecus antiserum control: 
80 7 0.2 ce. ¢p. + 0.1 ce. antigen (1:10) 
160 ! 0.1 ce. of an antipneumococcus rabbit 

320 serum. 

640 - Collodion particle control: 0.02 ce. ep. 

9 1280 0.2 ¢.c. saline. Was negative. 
10 2560 

Antigen control Antiserum controls: 0.02 ee. e.p. + 0.1 ¢.c. 

Antigen + pneumococcus anti- antiserum dilution + 0.1 ¢.c. saline. Wer 
serum control negative. 














*Visible precipitate with enmeshed collodion particles. 


RESULTS 
Seven protein-antiprotein systems were studied; namely, norse, hog, humai 
bovine, sheep, chicken, and egg white. The antisera to these proteins were pre- 
pared in rabbits by the intra-abdominal injections of the antigens. 
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TABLE ITI 





SERUM 
DILUTION 
ive 


READING REMARKS 


Ordinary Precipitation Test 
> . Controls were prepared similar to those in 
10 Tables I and Il except that bovine and 
20 antibovine sera were used. 
40 
i SO 
6 160 
Antigen control 
Antigen pneumoccecus rab 
bit antiserum control 

















Macroscopic Collodion Particle Agglutination Test 


5 | Controls were prepared similar to those in 
10 Tables IT and IL except that bovine and 
20 antibovine sera were used. 
40 
80 
160 
320 
640 
( 1280 
10 2560 
Antigen control | 
Antigen + pneumococcus anti- 
serum control | 











| | 
| 
| 





Microscopic Technique 





Controls were prepared similar to those in 
Tables [ and Il except that bovine and 
antibovine sera were used. 


20) 
40 
gi) 
169 
b20 
640 
1280 
2560 
5120 
10240 
Antigen control 
Antigen + pneumococcus anti- 
serum control 
Collodion particle control 
Antiserum dilutions control 


5 
o5 


+ [4+ 


a oo 


It lt lt 1+ [+ 1+ 144 














*Visible precipitate with enmeshed collodion particles. 
LV 


THE PROTEIN-ANTIPROTEIN REACTIONS 


TABLE 


SUMMARY OF SOME OF 











SYSTEM 


| HIGHEST TITER 
BY ORDINARY 
PRECIPITATION 
TEST. ANTI- 
SERUM DILUTION 
METHOD 


HIGHEST TITER 
3Y MACROSCOPIC 
(COLLODION 
PARTICLE AGGLU- 
TINATION TEST 


HIGHEST 
BY 


TITER 
MICROSCOPK 

COLLODION 

PARTICLE 


TINATION TEST 


AGGLU- 


HIGHEST TITER 
BY ANTIGEN 
DILUTION METH- 
OD—-ORDIN ARY 
PRECIPITATION 
TEST 





Ege white-antiegg 
white 
Sheep-antisheep 
Hoyv-antihog 
Bovine-antibovine 
Ho:se-antihorse 
Chicken-antichicken 
Hu nan-antihnman 


1:10 


L210 
£40 
1:20 
210 

10 


: a 


] 
l 
1 





1: 40 


:100 
: 80 


40 
1) 





| 

1: 
Ll: 30 
l: 

] 

1 


50 





1; 320 


: LOO0 
160 
320 
160 
640 
100 





750,000 


250,000 
:40,000 
: 80,000 
780,000 
740,000 
:20,000 
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Tables I, II, and III give the results of comparative tests using the three 
methods described above; for the echicken-antichicken, ege white-antiegg white, 
and bovine-antibovine systems. Table IV is a summary of the results obtained 
with some of the protein-antiprotein systems studied and includes the highest 


titer obtained by the antigen dilution method in the ordinary precipitation test. 


SUMMARY AND CONCLUSIONS 


A microscopic method using a collodion particle agglutination technique 
for detecting the presence of specific antibody in several antiprotein sera is 
described. In higher dilutions of the various antisera studied, the method gives 
positive results while negative results are obtained at the same titer by either 
the ordinary precipitation test or the macroscopic collodion particle agelutina- 
tion test. 


I wish to thank Dr, Jules Freund for his suggestions and criticisms throughout this study. 
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BILATERAL ADRENAL HEMORRHAGE (WATERHOUSE- 
BRIDERICHSEN SYNDROME) ASSOCIATED WITH 
MENINGOCOCCAL SEPTICEMIA* 


Report or Four Cases in Apuutts Wire «a Review or THE LIreERATURE 
May. Winuiam G. BERNHARD, M. C., A. U.S. Anp 
Carr. ArtHurR C, JorDAN, Sn.C., A. U.S. 


|“ a series of 182 cases of meningococcal septicemia seen at Station Hospital 
during the winter of 1942-43, special interest centers on the four eases of 
massive bilateral adrenal hemorrhage with purpura, recognized as Waterhouse- 
Iriderichsen syndrome. 

No attempt will be made in this paper to review the literature on this sub- 
ject previous to 1939, as the exeellent reviews of Aegerter,’ Sacks,2 and 
Kunstadter® bring the total published eases to 78. Lindsay, Rice, Selinger, and 
Robbins*t collected 14 more eases and added seven of their own, making a total 
of 94 reported cases up to 1941. Since that article, Grace, Harrison, and Davie’ 
added three cases; Moss and Schenken,® Drummond and Tooke,’ and Taylor and 
Kean* each added two cases; and Hughes," Mallory,'” Fox,"! Leone,’? Kwedar," 
Monfort and Mehrling,’* Michael and Jacobus,’’ and Gollick’® added one case 
each, bringing the total of reported cases to 111. In 1942, Banks and 
McCartney" reported ten cases of meningococcal encephalitis. In reviewing this 
article we find that two of their cases appear to involve the adrenals sufficiently 
to be classified as Waterhouse-Friderichsen syndrome. The addition of these, 
together with our four cases, brings the number of published cases to date to 117. 

We have reviewed the articles by Barsoum'® in 1936 and Thorstad'® in 
1942. Their cases were of adrenal apoplexy, but cannot, we believe, be classed 
as Waterhouse-Friderichsen syndromes. In Thorstad’s review of the literature, 
he collected 22 cases of adrenal apoplexy. Only three of these were due to 


*From the Laboratory, Station Hospital, Army Air Forces Training Command, Basic 
Training Center No. 7, Atlantic City, N. J. 

The Waterhouse-Friderichsen syndrome was first accurately described in the literature 
in 1901 by Little (Little, E. G.: Cases of Purpura Ending Fatally Associated with Hemor- 
rhage into the Suprarenal Capsule, Brit. J. Dermat. 13: 445-467, 1901. Cases 1 to 12). The 
symptomatology includes sudden onset, malaise, restlessness, and often gastrointestinal 
symptoms. These are followed shortly by lethargy, which rapidly deepens into coma. High 
fever, weak rapid pulse, intense cyanosis, and purpuric hemorrhages into the skin are char- 
acteristic. The disease is usually fatal in from sixteen to twenty-four hours. Massive, bi- 
lateral adrenal hemorrhage is the most common post-mortem observation. The etiology is, 
in from 60 to 70 per cent of the cases, a fulminating meningococcemia. In the remaining 
cases, pneumococcus, hemolytic streptococcus, staphlococecus, influenza bacillus, and B. coli 
have been isolated. 

This article has been released for publication by the Bureau of Public Relations, War 
Department, Washington, D. C. The opinions and views set forth in this article are those of 
the writers and not to be considered as reflecting the policies of the War Department. 

_ The report on bacteriologic studies in this series has been written by the above authors 
and published under the title “Purpuriec Lesions in Meningococcie Infections’ (V. LaB. & 
CLIN. MED. 29: 273, 1944). The clinical report is being written by Captains C. M. Dummer 
and K. L. Cloninger and will be published at an early date. 

Received for publication, Sept. 9, 1943. 

7In reviewing Kunstadter’s article, we find the total published cases at that time to be 

nstead of the 74 mentioned by Lindsay, Rice, Selinger, and Robbins. Thus, the addition 

“1 cases by these authors brings the total to 94 instead of the 96 mentioned by them. 
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infection, and we have been unable to review these eases. We have been un- 
able to review the two articles by Landis®® on the Waterhouse-Friderichsen 
syndrome. 

Inasmuch as about 86 per cent of all cases reported are in children under 
nine vears, the four cases to be presented are of some interest as the age ranges 
from 18 to 21 vears. Aegerter’s' review of the literature found only six cases 
of Waterhouse-Friderichsen syndrome occurring in adults, and Fouear,?? in 
1936, reported one case in a twenty-vear-old male. Kwedar'® reports one case 
of fulminating massive hemorrhage into both adrenals with purpura in a 
58-year-old white female. Leone’? reports a case in an adult aleoholie with 
negative bacteriologic findings. In addition, the abeve-mentioned eases of 
Hughes’? and Drummond and Tooke’ and one ease each of Grace, Harrison, and 
Davie’ and Banks and MeCartneyv' occurred in adults. Ineluding the four eases 
presented here, there are a total of eighteen cases occurring in adults reported 
in the literature to date. 

CHART ] 
SUMMARY OF AUTOPSIES AND MorTALITY RATE 


Case 1. Cerebrospinal meningitis (epidemic ). Waterhouse-Friderichsen syndrome. 

Case 2. Waterhouse-Friderichsen syndrome—(N. intracellularis). 

Case 3. Waterhouse-Friderichsen syndrome—(Organism not isolated). 

Case 4. Cerebrospinal meningitis (epidemic)—Gastrointestinal hemorrhage. Con 

fluent bronchopneumonia. Agonal neurogenic gastric ulcer. 

Case 5. Cerebrospinal meningitis (epidemic). Tubular degeneration due to sulfa- 

diazine. 

Case 6. Waterhouse-Friderichsen syndrome—(Organism not isolated). 

Number of proved meningococcic meningitis and meningococcemia cases 167 

Number of deaths in this group 4 

Mortality rate 2.39 per cent 

Total number of cases, including 15 of undetermined etiology 182 

Total number of deaths 6 

Mortality rate 3.29 per cent 

In Chart 1, a brief summary of the causes of death of the six cases is given. 
In the group of 167 proved meningococcus cases, there were four deaths or 
2.39 per cent. In the total number of cases, including 15 of undetermined 
etiology, there were six deaths or 3.29 per cent. These 15 cases showed cloudy 
spinal fluids and definite clinical signs, and coming during a meningococeus 
epidemic it is reasonable to suppose that the meningocoecus was probably the 
causative organism. 

Cases 1 and 2 are eases of Waterhouse-Friderichsen syndrome caused by 
Neisseria intracellularis isolated either from the blood, spinal fluid, or petechiae. 
In Case 2, gram-negative intracellular diplococei were found on the smear from 
petechiae. In Cases 3 and 6, both associated with a fulminating septicemia, 


purpurie rash, and bilateral adrenal hemorrhage, no causative organism could 


be isolated. They both occurred at the height of the epidemie of cerebrospinal 
meningitis. Cultures and smears of the petechiae were not done at the time 
these cases were admitted, and in all probability this would have been a valuable 
aid in diagnosis. 

A summary of the pathologic findings in the four cases of Waterhouse- 
Friderichsen syndrome showed bilateral hemorrhage into the adrenals with some 
variation as to the amount of hemorrhage. In one case, it was spotty in charac- 
ter, while in another, the hemorrhage was sufficient to convert the adrenal into 
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Fig. 1—A, low power (magnification, 130) and B, high power (magnification, 450) 
Photenicrograph of adrenal (Case 2, Chart 1) showing extensive hemorrhage destruction of 
parenchyma. The fine particles in the high power are blood pigment and not bacteria. Hema- 
toxyiin and eosin stain. 
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a degenerated blood eyst. The weight of the glands varied between 8 and 11.5 


Gm. (normal 5 to 6 Gm.). The histopathology of the drenals usually confirms 
the gross findings and depends on the extent of the hemorrhage. In two eases, 
the surrounding periadrenal fat was hemorrhagie and the diagnosis could be 
made grossly before the adrenals were dissected out. In three cases, neither the 
eross nor microscopic examination of the brain showed any evidence of menin- 
vitis, but only congestion and edema. One ease showed an obvious meningitis 
with only spotty adrenal hemorrhage. All cases had a petechial rash and two 
were eyanotic with large purpurie areas. One had petechiae on the pleura, 
and two showed purpurie areas on the epicardium and serosa of the small 
intestine. In one case both kidneys were studded with small petechiae, and in 
three the kidneys were intensely congested. Mesenteric lymphadenitis was 
noted in three, but no hyperplasia of Peyer’s patches or solitary lymph nodes 
were found. Acute splenic tumor was found in all cases, and in one case there 
was persistance of the thymus. The adrenal vessels were examined for thrombi 
in each case but none were found. Histologic examination of petechiae from 
the skin and heart showed engorged vessels and some extravasation of blood 
into the surrounding tissue. Slight inflammatory reaction was noted in one 
ease, but no bacteria could be found on special staining. 

Case 5 recovered from the meningitis, but died trom a toxie degeneration 
of the tubules of the kidney after prolonged sulfadiazine therapy and an as- 
sociated bronchopneumonia. Histologically, the tubules, particularly the prox- 
imal and distal convoluted tubules, were swollen, and the linine cells were 
necrotic with no evidence of injury to the glomeruli. This case is similar to the 
report of Hellwig and Reed?! who believe there are two types of renal lesions 
due to the sulfa drug therapy; namely, toxic effects on the tubular epithelium, 
simulating mercury poisoning, and mechanical blockage of the urinary passages. 
Erganian and Doval®? recently published a similar case in a nine-month-old 
child in which they also noted areas of focal necrosis in the liver after sultfa- 
thiazole therapy. In the Case Records of the Massachusetts General Hospital 
published in the New England Journal of Medicine,’ a similar case is found, 
which in addition to toxic degeneration of the tubules also showed e@ranu- 
lomatous lesions. Maisel, MeSwain, and Glenn** produced these lesions in 
animals, and Rake, van Dyke, and Corwin®’ in their experiments on animals 
found an occasional one with severe toxie degeneration of the tubules. Kolmer?’ 
noted similar findings in rabbits after sulfathiazole. Severe injury to the 
tubules, glomeruli, and vessels was noted by Luetschler and Blackman*’ follow 
ing sulfathiazole administration in several cases. 

Case 4 is of interest because of a history of vomiting with tarry stools for 
three days previous to admission. Twelve hours later he developed convulsions 
and a fulminating meningitis and died in twenty-four hours. An autops) 
showed no obvious cause for the gastrointestinal hemorrhage, and it is interest- 
ing to speculate whether the internal hemorrhage was associated with or caused 
by the severe meningococcus infection. A purpurie skin rash was not found in 
this ease. In view of the ectodermal tropism of the meningococcus for suc! 
structures as the skin, brain, and adrenal medulla, it might be argued that th: 
epithelium of the gastrointestinal tract could be similarly involved. Our re 
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sults on eultural studies and smears of skin lesions would indicate that they 
are the result of the direct action of the meningococecus on the capillaries and 
arterioles. The finding of gram-negative intracellular diplococci on smears 
from the purpuric skin lesions by MeLean and Caffey,** together with our ex- 
periences, would substantiate this view. From these findings, it might be as- 
sumed that the gastrointestinal hemorrhage in this case was due to the direct 
involvement of the mucous membrane of the stomach and intestine by the 
meningococci. 

CASE REPORTS 


CASE 1—W. T., aged 19 years, was admitted in coma. No history was obtainable. He 
was continuously restless and extremely violent at times, His pulse was 100, temperature, 
99°, and there was a moderate rigidity of the neck with sparse purpura on the body and 
extremities. A spinal tap was finally attempted after much sedation, but the patient’s con- 
dition remained critical, and he expired twenty hours after admission, Treatment consisted 
of saline and glucose, sulfadiazine intravenously, and blood plasma. Spinal fluid cell count 
was 2,900 with 95 per cent polymorphonuclears, and the smear showed gram-negative intra- 
cellular diplococei. Both the spinal fluid and blood culture were positive for N. intracellularis, 
Type I. 

Autopsy Findings.—The neck, chest, and head contained numerous petechiae. There 
were a moderate number of small petechiae on the visceral pleura of the lower lobe of the left 
lung. There were also numerous small and large petechiae on the epicardium over the left 
ventricle and auricle. The spleen was enlarged and of soft consistency. The adrenal glands 
were enlarged, the right weighing 8.5 Gm. and measuring 6 cm. x 5 mm.; the left adrenal, 
weighing 8 Gm. Both showed spotty areas of congestion, and the periadrenal fat was hem- 
orrhagic. The mesenteric lymph nodes were palpable. The superficial vessels of the brain 
were engorged, and there was edema causing some flattening of the convolutions. Both 
cerebral hemispheres were covered with a yellowish-white exudate indicative of a severe 
meningitis. 

Microscopic examination of the cortex and medulla of both adrenal glands showed a 
moderate amount of hemorrhage with some degeneration of the cells. Sections from the 
petechiae of the pleura and the heart revealed numerous large and small hemorrhagic areas. 
The leptomeninges showed edema, congestion, and diffuse purulent inflammatory cell infiltra- 
tion. 


CASE 2.—J. S., aged 18 years, gave a history of onset of fever, chills, headache, vomit- 
ing, and generalized aching five hours before admission. No meningeal signs or evidence of 
purpura. Blood culture taken at time of admission was subsequently found to be positive 
for N. intracellularis. Spinal fluid was clear with no cells or organisms and culture was 
negative after 48 hours’ incubation. Red blood cells, 4,620,000; hemoglobin, 90 per cent; 
white blood cells, 10,950 with 90 per cent segmented forms; 4 per cent staff cells; and 6 per 
cent lymphocytes. The next day the patient’s trunk was covered with purpura and the neck was 
quite rigid. Blood smears from the purpuric areas showed gram-negative intracellular diplo- 
cocci which on culturing proved to be N. intracellularis, Type I. The patient expired in 48 
hours. The blood chemistry showed: Nonprotein nitrogen, 50 mg.; urea N., 20 mg.; sugar, 
167 mg.; chlorides, 462 mg.; phosphorus, 3.8 mg.; calcium, 10 mg.; CO,, 45 vol. per cent; 
Vitamin C, 1.17 mg.; prothrombin time, 87 per cent; and cell volume, 31 per cent. 


Autopsy Findings.—Practically the entire skin surface was covered with small and large 
petechiae and large areas of purplish mottling. There were a few rather large petechiae on 
the visceral pleura of both lower lobes. The heart weighed 326 Gm., and the epicardium cov- 
ering the left ventricle and auricle contained numerous petechiae. The spleen was moderately 

rged, and on sectioning was of deep red coloration. The right adrenal weighed 9 Gm. and 
messured 6.5 em. xX 4 cm. x 7 mm. The right adrenal was markedly congested, but there 
Was still some evidence of pigment in some areas. The hemorrhagic areas were spotty and 
not confluent. The left adrenal was thickened and hemorrhagic throughout, the right one be- 
ing much less involved. The surrounding fat was hemorrhagic. On exposing the brain, the 


~ 
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superficial vessels were congested, and there was some edema, enusing a flattening of the con 
volutions. There was no exudate on the surface of the brain indicative of meningitis. 
Histopathologic findings of the left adrenal showed massive hemorrhage into both the 
cortex and medulla. The cortex appeared to be more involved than the medulla and the 
hemorrhage was diffuse. The cells were degenerated, swollen, ind contained fine particles 
of pigment. There were very few normal-appearing cells found in any area of the gland, 
and there appeared to be complete destruction of the entire left adrenal. In the right adrenal 
gland the hemorrhage was not so severe and appeared to be spotty rather than diffuse. The 
medulla and cortex were equally involved with large areas of cellular destruction in the hemor 
rhagic areas. Where the hemorrhage was less severe or absent, some of the cells appeared nor 
mal, The periadrenal connective tissue and fat were also hemorrhagie on both sides. See 
tions from the brain showed congestion and edema of the leptomeninges with no evidence of 
inflammatory exudate. Examinacion of petechiae from the skin showed engorgement of the 


blood vessels with some extravasation of blood into the surrounding tissue. 


CASE 3.—A. G., aged 21 years, was admitted in extremis. No history was obtainable. 
There was a diffuse cyanosis of the entire body, more marked in fingers and toes, Through 
the dusky skin numerous petechiae were found. The extremities were cold; the temperature 
105°. The blood pressure was unobtainable. The lungs were clear. There was no neck 


rigidity. Medication, oxygen, and plasma were given, The patient sank rapidly despite 


therapy and died two hours after admission. No ante-mortem or post-mortem laboratory 
examinations were done, 

Autopsy Findings.—There was marked evidence of cyanosis of the entire body, es 
pecially the head and neck. Beneath the dusky cyanosis large and small petechiae were noted. 
The lungs showed terminal edema and congestion. The spleen was slightly enlarged, of firm 
consistency, and hemorrhagic on sectioning. The right adrenal gland measured 5.5 em. 
5.50 em, xX lem, It was triangular in shape, swollen, and hemorrhagic. The weight was 10 
Gm., and on sectioning, was degenerated, hemorrhagic, and resembled a blood cyst. The left 
adrenal was cresecentric in shape, and measured 6 em. x 3.5 em. x 8 mm. It weighed 8 Gm., 
and, likewise, was swollen and hemorrhagic throughout. ‘The surrounding fat of both 
adrenals was congested. The lining mucous membrane of the small intestine was congested 
in a few areas, and there was no evidence of any enlarged mesenteric lymph nodes. Both 
kidneys were swollen and intensely hemorrhagic. The superficial vessels covering the cerebral 
hemispheres were engorged, and there was a moderate amount of edema of the brain, causing 
partial obliteration of the convolutions. There was no evidence of any exudate indicative of 
meningitis. 

Histopathologic Findings.—The spleen showed congestion, and the kidneys showed 
scattered hemorrhagic areas in which the tubules and glomeruli were degenerated. Both 
adrenal glands showed extensive massive hemorrhage with almost complete destruction of all 
tissue elements. Both the cortex and medulla were almost completely destroyed with only 
a few small remnants of adrenal tissue remaining. In these latter areas the cells were swollen 
and appeared degenerated and vacuolated. Most of the cells contained numerous particles 
of brownish pigment. Special stains for meningococci were negative 


Case 4.—A. R., aged 19 years, was admitted in shock from profuse bleeding. He gave 
history of vomiting and passing of blood for three days. The blood count on admission 
was red blood cells, 1,900,000 with 50 per cent hemoglobin; white blood cells, 15,000 with 
76 per cent polymorphonuclears, 20 per cent staff cells and 4 per cent lymphocytes. An im- 
mediate blood transfusion was given. The blood pressure was 60/50. When seen the follow- 
ing morning he appeared improved. One-half hour later he developed generalized convulsions 
and was given oxygen and transfusions. A spinal tap was done at this time; it contained 
14,450 cells with 95 per cent polymorphonuclears; smears showed intracellular and  extra- 
cellular gram-negative diplococci. The culture of the spinal fluid subsequently showed 
N. intracellularis, Type I and blood culture was negative. He expired twenty-four hours 
Jater. 

Autopsy Findings—There was no evidence of any petechial rash on the body. "he 
lower lobe of the left lung was congested and showed evidence of consolidation, The 1 ght 
lung was also congested and consolidated. The spleen was enlarged, of firm consistency, 
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and was hemorrhagic on sectioning. The left adrenal gland appeared enlarged and con 
tained a few small petechiae. The right adrenal was normal. The cardiac end of the stomach 


was perforated because of post-mortem degeneration. There was no evidence of any ulcera- 


tion of the esophagus or the stomach. The mucosa showed no petechiae. The duodenum 


and jejunum showed no evidence of ulceration or hemorrhage. The ileum was distended with 
dark-colored blood which had the consistency of putty. The entire intestinal tract from 
the ileum to the rectum was distended with similar bloody material. On examining the mu- 
cosa of the entire intestinal tract, no evidence of ulceration or bleeding points could be 
found. The brain showed edema and cogestion with flattening of the convolutions. The 
brain was covered by a thin white exudate. 

Histopathologic Findings.—In the left adrenal, the medulla showed some congestion, 
but there was no evidence of diffuse congestion or degeneration in either adrenal gland. The 
lungs showed confluent areas of bronchopneumonia with marked evidence of terminal edema 
and congestion, The leptomeninges of the brain were markedly thickened, congested, and 
diffusely infiltrated with a purulent exudate. This purulent exudate was also found sur- 
rounding the cerebellum and brain stem, Sections taken from various parts of the stomach 


and intestines showed no evidence of pathology. 


CASE 5.—G. H., aged 37 years, was admitted with symptoms of acute gastroenteritis. 
There was no headache or rigidity of the neck. The following day he became irrational, and 
purpura appeared on the trunk and extremities. The spinal fluid was cloudy, and N. intra- 
cellularis, Type I was isolated. A cell count of the spinal fluid was 24,000 with 96 per cent 
polymorphonuclears, and the smear showed gram-negative intracellular diplococci. The blood 
culture was negative. White blood cells, 29,750 with 79 per cent segmented forms, 8 per cent 
staff cells, 2 per cent juveniles, 11 per cent lymphocytes. Sulfadiazine therapy was instituted 
and the patient appeared to improve, but remained in a critical condition. On the sixth day 
he developed bilateral synovial effusion of the knees, and on the ninth day he appeared to be 
developing an acidosis. Sulfadiazine therapy was discontinued, and the nonprotein nitrogen 
was 120 mg. per 100 ce, The urinary output remained adequate without albuminuria or 
hematuria until twenty-four hours before death, which occurred on the tenth hospital day. 
On the ninth day numerous red blood cells, sulfadiazine crystals, and casts appeared in the 
urine. A total of 638 Gm. of sulfadiazine was given during the course of the illness. There 
were no terminal signs of meningitis. 

Autopsy Findings.—At the time the autopsy was performed, there was no evidence of 
any petechiae. The lower lobe of the right lung showed congestion and diffuse consolidation. 
The lower lobe on the left side was congested, but showed no evidence of pneumonia. The 
spleen was moderately enlarged, of soft consistency, and, on sectioning, was of a deep red 
color with the markings prominent. Both adrenals were of normal size and showed no evidence 
of degeneration or hemorrhage. The kidneys were swollen. The right kidney weighed 160 
Gm. and the left kidney 165 Gm. The capsules stripped with ease and revealed a smooth con- 
gested surface. The pelves were congested and contained a moderate amount of homogeneous, 
brown amorphous material. A small amount of the amorphous material removed from the 
pelvis was tested for sulfadiazine and found to be positive. There was no reduction of the 
ratio between the cortex and medulla, The ureters showed no evidence of obstruction or 
abnormality. On examining the brain, the convolutions were flattened and the superficial 
vessels were congested. The leptomeninges showed no gross evidence of any meningitis. 

Histopathologic Findings.—Numerous sections taken from both kidneys showed a wide- 
spread injury to the convoluted tubules. The epithelial cells were swollen and degenerated. 
The nuclei in many were stained poorly and the cytoplasm was granular and showed cloudy 
swelling. In some areas, the epithelial lining showed desquamation and ulceration with 
degenerated cells and material filling the lumen. In some sections the tubules showed cystic 
dilation, while others contained pink-staining, homogeneous material and blood. No definite 
erysials of sulfadiazine could be found. The glomeruli showed no pathologie changes. The 
mucous membrane, lining the pelvis, was ulcerated, and occasional sulfadiazine crystals were 
found embedded in the wall or lving freely near the surface. The mucosa and submucosa 
in these areas were edematous, congested, and invaded with a purulent exudate. The pathology 
appeared to be confined to the convoluted tubules causing a toxic degeneration and necrosis 
athey than a mechanical blocking by the acetylsulfadiazine crystals. The lungs showed 
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marked edema and congestion with areas of bronchopneumonia. The leptomeninges sur 
rounding the cerebellum were edematous and congested and showed slight evidence of a re 
maining inflammatory exudate. However, the leptomeninges of the cerebellum were intensely 
congested and showed a marked acute inflammatory cell reaction. No necrotic or inflammatory 
areas could be found in the liver. 


Case 6.—R. J., aged 21 years, was admitted to hospital in semicomatose condition. 
History of headache and marked prostration for two days. The patient was covered with 
petechiae from head to foot and numerous large areas of purpura. The spinal fluid done on 
admission contained 198 white blood cells of which 98 per cent were polymorphonuclears. 
No organisms were found on the smear. Red blood cells, 4,650,000; hemoglobin, 90 per cent ; 
white blood cells, 7,200 with 70 per cent segmented forms, 15 per cent staff cells, 15 per cent 
lymphocytes. The blood culture was also taken on admission and was negative at forty-eight 
hours. The spinal fluid culture showed no growth. The patient was given sulfadiazine intra 
venously; plasma, saline, and glucose were administered, but in spite of the treatment, he he 
came cyanotic and died eight hours after admission. 

Autopsy Findings.—The face, neck, and entire body were covered with a purpurie rash 
and numerous petechiae. Some of the purpurie areas were 1 to 2 em. in diameter, and 
cyanosis of the head and neck was prominent. The mesenteric lymph nodes were enlarged, 
and the thymus appeared larger than usual for the age of the patient. The lungs showed 
terminal edema and congestion. The spleen was enlarged and of firm consistency. There 
was a unilocular cyst measuring 5 em. in diameter at one pole of the spleen. Both adrenals 
were enlarged, hemorrhagic, and degenerated. The adrenal arteries showed no evidence of 
thrombi. The right adrenal was triangular in shape and weighed 11 Gm. It measured 5.5 
em. X 4 em. x 1.5 em. The left adrenal was crescentric in shape and weighed 11 Gm. The 
measurements were 8 cm. X 3 cm. X 1 em. The epicardium covering the left ventricle and 
auricle contained a moderate number of petechiae. There were a moderate number of 
petechiae on the serosal surface of the small intestine. The brain showed diffuse congestion 
of the superficial vessels. There was some flattening of the convolutions due to the edema 
of the brain. There was no frank purulent exudate covering the brain, but in a few areas 
the leptomeninges appeared as a thin whitish membrane. The cervical spinal cord and the 
brain stem showed only congestion. 

Histopathologic Findings.—The microscopic picture of both adrenals was one of massive 
hemorrhage, causing almost complete destruction of both the medulla and cortex of botli 
adrenal glands. It would appear that the medulla was more completely destroyed than thie 
cortex by the diffuse hemorrhagic process. Special stains for bacteria in the adrenals were 
negative. Sections of the heart taken from the petechiae showed interstitial edema and 
extravasation of blood into the surrounding tissue. The superficial vessels of the brain were 


engorged, and the leptomeninges in the region of the cerebellum and cerebrum showed edema 
and congestion. In these areas there were a few collections of lymphocytes and plasma cells, 
but no evidence of any acute inflammatory exudate. Microscopic examination of the thymus 
showed the lymphatic elements rather prominent, considering the age of the patient. They 


were separated by wide strands of connective tissue and fat, showing some evidence of 
physiologic involution. The Hassal’s corpuscles were few in number, and many were large 


and degenerated. A few were small, stained well, and were normal in appearance. 


SUMMARY 

1. Four cases of Waterhouse-Friderichsen syndrome occurring in adults are 
reported. In two of these the meningococecus was isolated as the etiologic agent 

2. A review of the literature reveals a total of 117 cases of Waterhouse- 
Friderichsen syndrome. Eighteen, including our four, oceurred in adults. 

3. One case of tubular degeneration of the kidneys due to sulfadiazine 
reported. 
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JUVENILE DIABETES INSULIN SENSITIVITY 
Henry M. Femnsuarr, M.D., Barnerr B. Aupert, M.D., AND 
KpGar A. FERGUSON, JR., BROOKLYN, N. Y. 


HE young diabetic patient is frequently subject to periods of exacerbation 

and remission of the diabetic state. These periods occur independent of 
the dietary and in spite of the daily insulin medication. This period of ex- 
acerbation is most apt to appear during puberty and in some females during 
the menstrual cycle. 

In the observed group the exacerbations were not due to dietary indisere- 
tion or neglect of insulin. They were not associated with apparent infection 
or intoxication. 

A similar picture of instability in diabetes with aggravation of the diabetic 
state was observed during pregnancy in the juvenile group. A profound change, 
characterized by unusual sensitivity to insulin, oceurred about a half hour 
after expulsion of the placenta. 

These periods of relative exacerbation and the periods of insulin sensitivity 
strongly suggested to us that the primary factor causing these changes might 
be extrapancreatic. The following clinieal and experimental observations were 
conducted with this relationship in mind, and the results indicate that the 
anterior pituitary diabetogenic factor is responsible for certain exacerbations 
of the diabetie state. 

EXPERIMENTAL 

The presence of the diabetogenic factor in the pituitary has been ade- 
quately and definitely demonstrated.* We have used anterior pituitary on 
mice and have found that the effect was to reduce sensitivity to insulin. The 
amount of insulin which would ordinarily kill a mouse in the Standard Inter- 
national Mouse Unit Test for Insulin will not be lethal for mice previously in- 
jected with anterior pituitary solution. 

The hormone used in these experiments was made up as an acid alcoholic 
fraction of the anterior pituitary residue from which some of the usual sex- 


stimulating hormone and thyrotropic hormone had been removed by the method 
of Evans and had been salted out in the cold to form the hormone which has 
been named ‘‘ Anterior Pituitary Diabetogenie Factor,’ prepared so that 1 ¢.c. 


was equivalent to 1 gram of the original gland substance. 

Following the standard technique for the International Mouse Unit test for 
Insulin as modified, 20 Gm. mice were selected and fed a standard diet of whole 
wheat bread and milk for one week previous to the test. Three injections ot 
one quarter of a ¢.c. (0.25 ¢.¢.) each were given twenty-four hours, twelve hows, 
and two hours previous to the insulin injection. Approximately one mouse init 
(0.02 clinical units) of standard insulin was given. The mice were immediately 
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placed at a temperature of 180° F. 
animals were then examined every ten minutes at the end of one hour. The ex- 
amination consisted of a determination for the condition of vertigo. Reaction 


to produce a condition of strain. The 


is tested by injecting 50 per cent d-glucose solution intraperitoneally. There is 


recovery of the animals. 
TABLE | 
EFFECT OF DIABETOGENIC ANTERIOR PITUITARY INJECTIONS AND 0.02. UNITS OF INSULIN 
MICE 
(SERIAL Group XX) 











WEIGHT TIME OF DEATH 








Survived 
Survived 
Survived 
2 hr. 10 min. 
Survived 
Survived 
2 hr. 20 min. 
Survived 
Survived 
Survived 





TABLE II 


EFFECT OF INJECTION OF 0.02 UNITS OF INSULIN ON MICE 





MOUSE NO, ee TIME OF DEATH 
(GM. ) 
pie 2 hr. 10 min. 
20 | 2 hr: 
21 hr. 
17 2 hr. 20 min. 
19 2 ht. 
21 | 2 hr. 10 min. 
iy hr. 40 min. 
16 2 hr. 20 min. 
9 23 2 hr. 20 min. 
10 21 Survived 
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Tables I and II are typical standardization groups. It wili be noted that 
each group has within it approximately 20 per cent that are especially sensitive 
and approximately the same percentage that are insensitive. 


CLINICAL 


CASE 1.—R. B., white male, aged 13 years, height 59 inches, weight 95 pounds, developed 
diabetes at the age of 9. Onset was insidious. He wes stabilized on 80 units of insulin daily 
Which he received for three years. Early in March, 1941, he developed exacerbation of his 
diabetes requiring increased dosage of insulin to 260 units daily. On this dosage, blood 
sugar was 411 mg. per 100 cc, at 10 A.M. and 95 mg. at 6 P.M. By March 30, the dose had 
to be further increased to 470 units daily. Blood sugar before breakfast was 480 mg., at 11 
AM. it was 354 mg., and at 1 p.M., 370 mg. The patient was admitted to the hospital on 
April 7 in precomatose state. He had been getting 600 units of insulin daily. On the day 
of almission he received 1000 units of insulin; blood sugar dropped to 35 mg., and he went 
into insulin shock. He has since been stabilized on 70 units of insulin daily, which dose he 
is receiving at the present time. 

‘he period of maximum growth and sexual development is usually associated with 
activity of the anterior pituitary. The question arises whether the increased pituitary activity 
is responsible also for the acute exacerbation of the diabetic state. 
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This boy developed exacerbation of his diabetic state without any apparent extrinsi: 
cause. He was then stabilized with daily insulin dosage approximating the level used before 
the acute exacerbation. It appears that the compensating mechanism has become disturbed 
during the acute phase. 


CASE 2.—A. M., white male, aged 16 years, height 70 inches, weight 176 pounds, de 
veloped enuresis in 1938. He lost 60 pounds body weight, and on examination glycosuria was 
discovered. He was placed on an extremely low calorie diet and continued to lose weight. 
Glycosuria cleared on the low caloric diet, but after three months of strict dietary regulation 
he was given insulin because of his continued loss of weight. In 1939 he was given 5 units 
of insulin daily which controlled the glycosuria. During the next ten months he developed 
glycosuria and hyperglycemia, and insulin dosage had to be increased to 240 units daily. 
He was operated upon in September, 1939, for acute appendicitis and recovered. The sugar 
tolerance improved remarkably immediately after operation, and the insulin requirement was 
reduced to 10 units. He continued on this dosage for a short time after which the re 


quirement was gradually increased to 100 units daily, the amount he is now receiving. 
1 £ ; yi: 


CASE 3.—S. R., white female, aged 22 years, height 61 inches, weight 130 pounds, developed 
diabetes at the age of 18. Between 1936 and 1941 she took 130 units of protamine insulin 
before breakfast every day. During this time she complained of difficulty with menstrua- 
tion, suffering from cramps and nausea. Periods occurred between thirty-six- and thirty- 
seven-day intervals and lasted six or seven days. Just prior to the period, the patient de 
veloped acidosis and coma. Insulin dosage was increased to 200 units daily at the beginning 
of the period. This controlled the exacerbation. Immediately after cessation of the period, 
the regular dose of 130 units daily would control the diabetes until the next period. With 
this change in insulin dosage during the menstrual period, patient has avoided hospitaliza 
tion for the past three years. 

The regularity of the occurrence of the exacerbation at the menstrual cycle indicates 
a close relationship and a lack of the normal balancing factors of posterior pituitary against 
anterior pituitary. 

Certain similarities have been noticed in the manner of onset of juvenile cases. This 
is the normoglycemie diabetic state which is often mistaken for renal diabetes. In our ex- 
perience we have not found renal diabetes to be an entity. In all cases observed the normo- 
glycemic state (renal diabetes) gave way to frank and severe diabetes mellitus with hyper- 
glycemia. 

Cases 4 and 5 following are such typical case histories. Case 6 is now in the normo- 
glycemic diabetic state. Insulin therapy is being utilized as a possible prophylactic against 
the development of diabetes mellitus. 


Case 4.—F. E., white male, aged 29 years, height 78 inches, weight 155 pounds, de- 
veloped diabetes at the age of 14. For four years prior to the onset of the diabetic state, 
he had been subject to repeated attacks of vomiting and acetonuria without glycosuria. 
Blood sugar on admission was found to be 300 mg. He was maintained on a low caloric 
diet and 15 units of insulin daily. After six months’ observation starvation blood sugar 
dropped to 130 mg. per 100 cc. There was no sugar in the urine. Insulin therapy was 
stopped. After a period of eight months without insulin, patient again developed glycosuria 
and acetonuria. Insulin therapy was again instituted, the patient receiving 80 units of in 
sulin daily. This dosage has been maintained for the past fourteen years, 


Case 5.—G. K., white female, aged 22 years, height 6614 inches, weight 123 pounds, 
was found to have diabetes in 1935 when glycosuria was discovered. At this time bood sugar 
level was 140 mg. Glycosuria persisted although the blood sugar level remained about the 
same. She was placed upon a diet containing 250 carbohydrates, 100 proteins, and 120 fats. 
No insulin was given. In April, 1956, she was admitted to the hospital in diabetic coma ‘rom 
which she recovered and was placed upon crystalline insulin, 45 units daily. In February, 
1942, patient developed nausea and vomiting with the menstrual period. This was accom: 
panied by increased glycosuria. It was necessary to increase the insulin dose by 40 to 100 
units daily. The increased insulin did not relieve the nausea or vomiting. During the | riod 


of vomiting, blood sugar levels ranged up to 185 mg., indicating that the nausea and \ mit- 
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ting were not due to the glycosuria, but that the exacerbation of the diabetes and the nausea 
and vomiting were part of the menstrual disturbance. 


It is of special interest in this case that there was a period of six months during which 
the blood sugar level was 140 mg. or less; yet there was persistent glycosuria. The patient 


received no insulin during this time. This may be considered a normoglyeemie diabetic 
state. Yet in six months she developed a diabetes which required 45 units of insulin daily 
to control and more recently an acute exacerbation at the menstrual cycle which required 
from 95 to 145 units of insulin daily to control. 

In view of our experience with the above group of cases, it may be observed that the 
normoglycemic state has been followed by a definite severe active diabetes mellitus. While 
they could be maintained for a period of months, there followed in this group exhibiting 
glycosuria a definite development of frank diabetes mellitus requiring permanent insulin 
therapy. It was felt that in the following patient who appeared to be a normoglycemic 
diabetic an attempt should be made to prevent the occurrence of frank diabetes which de- 
veloped in the previous group. It was our opinion that small to moderate doses of insulin 
utilized over a period of time might prevent the occurrence of frank diabetes mellitus. 


CASE 6.—B. H., white male, aged 7 years, height 4834 inches, weight 53 pounds, was 
found to have glycosuria. This was present for a month before admission to the hospital. 
On admission, urine sugar was 114 per cent, blood sugar 118 mg. per 100 ¢.c. Twenty-four 
hours after administration of 20 units of protamine insulin, blood sugar was 78 mg.; urine 
showed 144 per cent sugar. Observation of the patient revealed mental dullness, lack of 
growth, inanition, and asthenia. In May, 1941, insulin therapy was instituted, 20 units 
twice a week, Since this time he has gained 25 pounds. His mental condition has changed 
for the better. He has become social. The glycosuria is now consistently less than 0.5. per 
cent. Blood sugar in August, 1941, was 65 mg.; in December, 1941, 65. mg.; in April, 1942, 
65 mg. The glycosuria was present at the time of these blood tests. There has been an 
increase in growth. 

This improved general condition appears to us to be adequate incentive to justify 
persistence in this attempt at diabetie prophylaxis. 


PREGNANCY IN JUVENILE DIABETES 


Profound changes occur in the pituitary during pregnancy. These changes are mainly 
concerned with hyperplasia of the pituitary and an overflow of anterior pituitary-like sub- 
stance in the urine. Furthermore, immediately following delivery of placenta, other changes 
occur which indicate a balancing of the overactive pituitary. In this group the change is 
demonstrated by the development of a hypersusceptability to insulin. This state is impor- 
tant inasmuch as the sensitivity to insulin may become so great that the average dose for 
that individual may cause fatal insulin shock (Case 38). 

The importance of this oversensitivity indicates that in the diabetic patient there is 
a loss of balance between the diabetogenic and insulin factors. If the origin of the factor 
producing the sensitivity could be demonstrated, a contribution would be made to diabetic 
therapy. 

The following five cases illustrate the changes in the jnvenile type of diabetic pa- 
tient during pregnancy. 


CasE 7.—G. P., white female, aged 17 years, height 61 inches, weight 159 pounds. 
Amenorrhea had persisted for one month. The blood sugar time curve (blood sugar taken 
every two hours for twenty-four hours) showed no change from the curve previous to preg- 
nancy. It showed a high morning level which rapidly fell and reached its lowest point at 
8 p.\t., which level persisted at 4 A.M. and rose to a high morning level of 300 mg., lasted for 
a short time only and was reduced to the average level of 150 mg. by the morning insulin. 
After twenty-nine weeks of pregnancy, it was noted that the patient had become sensitive to 
arly morning insulin shock, although the dose was reduced from 60-0-20 to 55-0-20. In 
spit’ of this low morning sugar level, the patient showed a rise of over 300 mg. in the period 
of + to 10 p.m. After this, the blood sugar returned to a reasonable level of 250 mg., the 
avers ve level for around this time being about 250 mg. ‘This indicated that a change had 
occurred and more insulin was required, By the thirtieth week 75-0-35 units of insulin were 
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required, and in the thirty-seventh week 75-0-30. The baby was born in the thirty-eighth 


week. Blood sugar of the child eight hours after birth was 70 mg. 


CASE 8.—H. N., white female, aged 174% years, height 64 inches, weight 11614 pounds, 
had had diabetes for seven years. She was stabilized on an insulin dosage of 65 units daily. 
Diet was largely qualitative, but the amount of carbohydrate was controlled at 275 to 3800 
Gm. During pregnancy the insulin requirement was unchanged. She delivered spontaneously 
at term, The child weighed 6 pounds, 7 ounces. The first day of post partum the full in 
sulin dose of 65 units was given. This was repeated on the second day. No consideration 
Was given the increase in insulin sensitivity occurring post partum in juvenile eases, Eight 
hours after receiving the second portion of the 65 unit dose (30-0-35) on the second day 
post partum, the patient went into extreme shock. The blood sugar was 17 mg. The patient 


died in spite of intravenous glucose. 


CASE 9.—D. M., white female, 184% years old at the time of pregnancy, height 62 inches, 
weight 140 pounds. Onset of diabetes was insidious at the age of 13. She had been stand 
ardized on 100 units of protamine insulin daily with diet of 240 Gm. carbohydrates. She 
delivered spontaneously after an uneventful pregnancy. The child was male, weighing 
6 pounds. Infant died of pneumonia two days after birth. In this case the insulin require 
ment was checked carefully and found to range from 28 to 40 units during the first five days 
post partum, Patient meanwhile was on a full diet. During the next month the insulin re 
quirement showed a gradual rise to 100 units and has remained at this level for the past 
two years. 

CASE 10.—L,. P., white female, 25 years old at the time of pregnancy, height 61 inches, 
weight 125 pounds. Onset of the diabetes oceurred at the age of 17. Although there were 
no obstetrical indications from an anatomic standpoint, a cesarean was performed as the 
method of choice of the obstetrician. This patient had been established on 60 units of 
protamine insulin daily for seven years previous to pregnancy, On the day before the opera- 
tion she had received her usual dose of 60 units. The child was born at 3:56 A.M., a normal 
male weighing 13 pounds, 14 ounces. Patient’s blood sugar at 1:45 A.M. was 100 mg. and 
at 3:15 A.M. 56 mg. The baby’s blood sugar at birth was 50 mg. and the blood sugar of 
cord at birth 100 mg. At 4:10 A.M., patient’s blood sugar was 117 mg.; at 8:00 A.M., 277 
mg.; at noon, 150 mg.; and at 8:00 P.M., 73 mg. During the twelve days after delivery, the 
insulin requirement fell at times to as low as 25 units a day. On discharge, she was receiving 
45 units of insulin daily. 

CASE 11.—M. E., white female, aged 27 years at the time of pregnancy, height 66 inches, 


weight 130 pounds. Onset of the diabetes occurred at the age of 23. She had been stabilized 


on 75 units of crystalline insulin daily, divided into doses of 40-0-35, She received this amount 
of insulin daily throughout her pregnancy. She had an uneventful pregnancy and spon- 
taneous delivery of a male child weighing 6 pounds, 15 ounces. For fifty-two days following 


delivery, insulin requirement was reduced to 50 units a day in doses of 25-0-25 of the same 


insulin. Carbohydrate intake was the same before and after delivery. 
DISCUSSION 


The insulin dosage of this group of juvenile type of diabetie patients had 
been regulated to a relatively constant dosage ranging between 60 and 100 units 
daily. While the insulin dosage had to be inereased during the pregnancy of 
some of the patients, in every case there was obvious evidence of a marked 
sensitivity to insulin during and immediately following parturition. The require- 
ment for insulin was reduced at least 15 units daily and then showed a gradual 
return to the usual dose for the individual within a period of ten days. 

It is of interest that where blood sugar could be adequately controlled, im- 
mediately following parturition the blood sugar rose as in a postprandial rise. 
It is important that this postprandial type of rise not deceive the physician into 
giving more insulin as in Case 7. In this case although the blood sugar was 
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brought within 75 to 180 mg. for the four hours previous to delivery and was 
150 mg. at the time of delivery, it rose to 300 mg. immediately after delivery. 
Additional insulin was administered. It was found that the patient had de- 
veloped an increased sensitivity to insulin, and a dose as low as 10 units brought 
about insulin shock. For a week following parturition, the insulin requirement 
was 15 units daily and then gradually had to be inereased to her prepartum 
dose. 

In Case 8 the insulin dose had been established at 65 units daily for over 
a six-year period. Unfortunately, immediately post partum the insulin-sensitive 
state was not recognized. Patient was given her regular dose of insulin. This 
resulted in insulin shock which was not controllable, and she died with a blood 
sugar level of 17 mg. 

SUMMARY 


Clinical ease reports are presented describing the exacerbation of the 
diabetic state in association with what may be considered increased anterior 
pituitary activity. In the early stages of the increased activity there is cessa- 
tion of the diabetic state for a period of time running into many months. In 
this group, the normoglycemi¢ type is presented showing a periodic glycosuria 
and then the development of a definite and permanent diabetes mellitus. 

It was felt that the use of insulin in the normoglvecemic might serve as a 


prophylactic measure in prevention of the permanent diabetic state. 


Clinical case reports of five of the juvenile type diabetie patients observed 
before and throughout their pregnancies are presented. Each case shows dra- 
matie insulin sensitivity during the immediate post-partum period. The dose of 
insulin to which the patient had been regularly accustomed for a period of years 
becomes a toxie and even fatal amount. It is possible and even probable that the 
mechanism here is the antianterior pituitary diabetogenic factor. The authors 
feel that this factor may come from the posterior pituitary. 
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INEFFECTIVE PENICILLIN CHEMOTHERAPY OF ARTHRITIC RATS 
INFECTED WITH PLEUROPNEUMONTA-LIKE ORGANISMS* 


H. M. Powe, Sc.D., anp R. M. Rice, M.D... INpraNApouis, TN. 


INTRODUCTION 


rns and Jamieson’? have recently reported on the high degree of 
chemotherapeutic effectiveness of penicillin in white mice infected with 
normal and sulfonamide-fast pneumococci and staphylococci. In these tests 
penicillin was found to bring about the ‘‘eure’’ of pneumococeus-infected mice, 
irrespective of whether the infections were due to normal or sulfonamide-fast 
organisms. Furthermore, penicillin was found to save the lives of approx- 
imately twice as many staphylococeus-infected mice as was accomplished by 
sulfathiazole under the same conditions. The implications of these and other 
laboratory and clinical results that cannot be reviewed here add promise to 
the chemotherapeutic importance of penicillin. 

In the present report the results of penicillin chemotherapy of rats  in- 
fected with pleuropneumonia-like organisms are presented. 


EXPERIMENTAL 


As experimental animals, white rats of about 100-gram weight were used. 

The pleuropneumonia-like culture was isolated in this laboratory from a 
spontaneous joint infection in a laboratory rat. This animal showed a greatly 
swollen right foreleg, particularly at the radiocarpal joint, and the initial cul- 
ture was obtained by aspirating a drop of fluid from this joint with a syringe 
and eulturing in beef infusion broth enriched with 80 per cent ascitic fluid. 
On incubation at 37° C. for 24 hours, this and subsequent cultures on this 
medium showed marked turbidity, and after an additional 24 hours’ incubation 
the growth generally settled as a deposit of flakes in the bottom of the tube. 
Microscopically the culture showed either small gram-negative bacilli or gram- 
negative débris or both. This culture did not grow in plain broth or agar. 

The optimum technique for reproducing arthritis in normal rats consisted 
in injecting 0.5 ¢.c. of 24-hour ascitie fluid broth culture intravenously. Sub- 
cutaneous, intramuscular, and intraperitoneal routes of injection resulted in 
irregular appearance of arthritis. The same appeared to be true of intravenous 
doses of less than 0.5 ¢.c. During the third, fourth, and fifth days after injec- 
tion, a progressive polyarthritis developed, in which there was a fusiform swell- 
ing of the toes, and progressive swelling of leg joints, the skin over these he- 


coming tight and glistening and red or purplish. Within a few days, many of 
the infected rats showed a hemorrhagic deposit and edema about the nose and 
sometimes a conjunctivitis. An occasional rat had neurologic symptoms. Rats 
infected as described and receiving no chemotherapy died, generally in about 


*From the Lilly Research Laboratories. 
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two or three weeks, and for some days before death were quite prostrated and 
helpless. Certain hopelessly crippled rats with massive lesions were sacrificed. 

The infections in general were similar to rat infections described by 
iindlay, Mackenzie, MacCallum, and Klieneberger,? and those reported pre- 
viously by Collier.*| They were more rapidly progressive than similar experi- 
mental mouse infections reported in the last two or three years, such as those of 
Sabin and Warren,°® and resembled closely those recently described by Freston.® 


The penicillin used was similar to the partially purified material referred to 
in previous reports’ ? and that reported upon by Schmidt and Sesler.’ 


In addition to control animals which received no treatment, rats treated 
with gold sodium thiomaleate (myochrysine) were used as controls for the dif- 
ferent groups of penicillin-treated rats. Results in such groups of infected 
rats would reveal (1) whether a new drug had any demonstrable chemo- 
therapeutic potency and (2) whether this aetion compared favorably with 
myochrysine, an agent which is known to have a curative effect on this type 
of experimental arthritis. 

TABLE I 


COMPARATIVE CHEMOTHERAPEUTIC RESULTS IN RATS oF 100 GRAMS WEIGHT RENDERED 
ARTHRITIC WITH PLEUROPNEUMONIA CULTURE 








NUMBER OF DRUG DOSES PER RAT X eae . 
aioe RATS NUMBER DOSES saiaieetsias 
Penicillin 2 100 units x 9 DD 
800 x 9 SDDD 
8000 x 5 DDDD 
500 x 6 DDDD 
200 x 4 DD 
200 x 5 DD 
400 x 6 DDDD 
‘ D 
S 
SSDD 
SDDD 
SSDD 
SDDD 
Controls : DD 
: DDD 
DDDD 
DDDD 
DDDD 
All rats marked § survived with either no symptoms or early mild arthritic symptoms 
which subsided rapidly. All penicillin and control rats marked D died of progressive arthritis, 
or in a few instances when helpless and moribund were sacrificed. All myochrysine rats 
marked D died with no arthritis, probably of drug toxicity. 
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Twenty-two rats were treated with a variety of doses of penicillin, as shown 
in Table I. The drug was given by different routes, intravenously, intra- 
peritoneally, intramuscularly, and subcutaneously, without much detectable 
effect. In a few instances development of arthritis appeared to be slowed some- 
what, and a single penicillin-treated rat survived without developing arthritis. 
On the whole, however, penicillin appeared to exert no practicable degree of 
curative action. The rats died of progressive arthritis, hemorrhagic pulmonary 
edema, and terminal diarrhea. 

Eighteen rats were treated with a variety of doses of myochrysine, as shown 
in lable I. The drug was given either intramuscularly or subcutaneously. 
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Seven of these 18 rats survived without appearance of arthritic lesions, or de- 
veloped fusiform swelling of the toes which rapidly subsided. The eleven rats 
which did not survive on gold therapy showed no arthritis at the time of death 
and appeared to have died beeause of drug toxicity. The toxicity of myo- 
chrysine seemed to be somewhat unpredictable, since several deaths occurred on 
2 or 3 mg. doses while 5 mg. in some instances did not appear to be toxic. From 
the results recorded it is apparent that doses of myochrvsine less than 2 me. 
might have been equally effective. 
Seventeen infected control rats all died of progressive arthritis. 


CONCLUSIONS 
It appears from the foregoing results that : 
1. Penicillin has little or no chemotherapeutic effectiveness in infectious 


rat- polyarthritis of the type deseribed. 
2. Myochrysine, as a control drug, was chemotherapeutically effeetive but 


quite toxie in the doses used. 
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THE OCCURRENCE OF MEMBERS OF THE GENUS SALMONELLA IN 
INHABITANTS OF STATE HOSPITALS OF THE 
GREATER CHICAGO AREA* 
OscaR FELSENFELD, M.D., AND VioLA Mak Young, M.S. 
CHicaco, Iu. 


HE most extensive report on the occurrence of Salmonella types in the 

United States is that of Bornstein.' The greatest number of strains belone- 
ing to the genus Salmonella was, however, studied in the National Salmonella 
Center by Edwards and Bruner.? These authors state that the most frequent 
Salmonella types found in this country in man are SN. schotlmiilleri, heretotore 
called S. paratyphi B, and S. typhimurium, designated in the past as S. aertrycke. 
The conelusions of the New York group of investigators, headed by Bornstein,’ 
give similar results for the eastern United States. This center reports 40 per 
cent of Salmonella strains belonging to other types than S. schottmiilleri and 
S. typhimurium. Also Borman et al.* of Connecticut, and Gaulton and Quan® 
of Florida deseribe a series of less common Salmonella strains amone their 
findings. 

It may be concluded therefore that the predominant members of the genus 
Salmonella in man are S. schottmiillert and S. typhimurium, but other types will 
be encountered in many eases. 

The laboratory diagnosis of less common Salmonella strains, involves the 
use of a long series of biochemical and serologic reactions, the latter known rou- 
tinely as ‘‘Salmonella typing.’’ While the determination of a typical S. para- 
typhi, S. schottmiillleri, or S. typhimurium can be easily accomplished even in a 
small laboratory, the exact typing of other Salmonella species and varieties in- 
volves the uses of slide agglutination tests with 23 *‘O”’ sera and tube ageglutina- 
tion tests with sometimes as many as 36 ‘‘H”’ sera. Hence there is a necessity 


for special laboratories to perform this task. 


Under the auspices of the Division of Laboratories of the Department of 
Public Health of Illinois, a special service was established in Illinois state hospi- 
tals to examine material for organisms causing enterie diseases, such as Sal- 
monellae, Eberthellae, Shigellae, and parasites. In September, 1942, a central 
enterie laboratory was established for the identification of organisms isolated 
in the local laboratories of state hospitals. 

The ‘‘local bacteriologist’’ streaks the stool specimens to a series of plates: 
Wilson and Blair in the modification of Hajna and Perry,® Leifson’s desoxy- 
cholate-citrate medium,’ Difco 8.8. agar, Difco eosine-methylene blue plate, and 
either MaeConkey’s medium in the modification produced by Ditco, or Leifson’s 
desoxyeholate plate. A tube of selenite-F of the Baltimore Biological Lab- 


*From the Department of Public Welfare of the State of Illinois and from.the Central 
Enterie Laboratory of Illinois State Hospitals, Chicago 34, Ill. 
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oratories is inoculated and after twenty-four hours’ and forty-eight hours’ in- 
cubation streaked either to a desoxycholate-citrate plate or to S.S. medium. In 
eases and carriers of Salmonella, the addition of Kauffmann’s fluid’ with subse- 
quent plating to a Leifson plate is recommended. 


Suspicious colonies are fished to lead-semisolid agar® and to Kligler’s me- 
dium with the addition of one-tenth per cent sucrose.* The differentiating tubes 
with the above media are incubated for twenty-four and thirty-six hours and 
a gram stain is performed. Gram-negative organisms, showing reactions of 
pathogens, are inoculated into dextrose, mannitol, sucrose, lactose, and peptone- 
tryptone broth. After twenty-four hours the reactions are registered, and or- 
ganisms showing characteristics of pathogenic microbes are shipped on agar 
slants to the central enteric laboratory. Here a purity plate is streaked, the 
reactions on the above carbohydrates and the indole test repeated, and the motil- 
itv checked. Then tubes with gelatin, milk, arabinose, dulcitol, glycerol, maltose, 
rhamnose, salicin, xylose, d-tartarate, citrate, broth for Voges-Proskauer’s re- 
action; a medium containing sucrose, salicin, and lactose in agar-gel to hasten 
the slow fermentation of paracolon bacilli;?? and several tubes of peptone broth 
and agar slants are inoculated. After twenty-four hours the reactions are read 
and agglutination tests performed. When a diagnosis cannot be made, the tubes 
with fermentable substances are observed for a longer period of time, in cases 
of Shigella and paracolon bacilli for as long as six weeks in several instances. 
The agglutination tests are repeated, using fresh transplants. Salmonellae 
that do not give typical reactions or prove to be members of less common types 
are mailed to the National Salmonella Center at the Agricultural Experiment 
Station of the University of Kentucky, for identification. 

During the period of one year, ending Oct. 1, 1948, the fishings from aboui 
13,000 stool specimens from state hospitals of the greater Chicago area were 
examined in the Central Enteric Laboratory. Of pickings from 64 persons, 
799 proved to be colonies of nineteen types of Salmonella. From 17 patients, 
203 fishings were classified as Eberthella typhosa. This number does not in- 
clude, however, stool specimens from the Typhoid Carrier Isolation Ward at 
the Manteno State Hospital. From 281 state hospital inhabitants, 1002 col- 
onies belonged to thirteen types of Shigella. 

The incidence of Salmonella strains is given here with a short summary of 
the ease history of patients excreting less common types, following the White- 
Kauffmann schema of Salmonella. 

S. schottmiilleri, the classical ‘‘human,’’ d-tartarate negative, biphasic strain, 
did not cause disease during the period under observation. It was found only 
in four earriers; three of them were new admissions to state hospitals. 

S. schottmiilleri animal strain, d-tartarate positive, described by Kristensen 
and Kauffmann,'? is not often mentioned in the literature. Kauffmann’ iso- 
lated this type frequently from asylum dysentery in Denmark. No such intev- 
tion has been reported as yet in an American state hospital. Among the ge- 
eral population Edwards and Bruner? reported only one case, while Bornstein 
et al. and Borman et al.‘ do not differentiate it from the human strain. 

S. schottmiilleri animal strain was isolated from four patients. The infi- 
tion occurred in the typhoid carrier isolation ward of the Illinois state hospita's. 
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It was introduced by a 68-year-old former food handler who harbored both 
E. typhosa and S. schottmiilleri animal strain. The patient had been a state 
hospital inmate for seventeen years when his typhoid carrier status was dis- 
covered. No diarrhea was reported on the ward where the patient was housed, 
but the routine checkup on specimens of the typhoid carrier isolation ward in- 
habitants revealed that three of his roommates also became carriers of S. schott- 
millert animal strain of the chronic intermittent type. 

S. schottmiillert var. java, the monophasic type deseribed by De Moor," 
has been found only twice in the United States, both cases being reported by 
Edwards and Bruner.2 Stone’ observed an outbreak with twelve cases and 
carriers in the Canal Zone. 

This Salmonella type was isolated from two patients, former housewives, 
47 and 56 years of age, during the routine examination performed on admis- 
sion to state hospitals. Both of them were chronic carriers. 

S. typhimurium was isolated from ten eases and eight carriers. The cases 
of diarrhea caused by this organism include one instance of contact infection 
from a carrier, and a group of nine eases of food poisoning observed in state 
hospital employees following a pienie. The source of the infection was found 
to be mayonnaise. All cases of enteritis caused by S. typhimurium recovered 
within three weeks. 

Eight carriers of S. typhimurium were detected among patients newly ad- 
mitted to state hospitals. None harbored this Salmonella for a period longer 
than three months. 

S. choleraesuis var. kuntzendorf, previously called S. suipestifer var. europea, 
is a well-known agent causing Salmonella fever, septicemia, and enteritis. It was 
isolated from two eases of diarrhea which resembled bacillary dysentery. The 
source of the first case could not be traced, but the second was a contact infection 
from the patient who first became ill. Both cases recovered within two weeks 
under sulfathiazole treatment. 

S. oranienburg, S. bareilly, and S. montevideo are types frequently isolated 
in the United States, mainly from epizootics and human gastroenteritis. In this 
survey S. oranienburg was observed in one chronic and one temporary carrier. 
It was also found in two eases of dysentery-like diarrhea caused by a contact 
infection from a earrier. S. bareilly was harbored by one chronie carrier. 
S. montevideo was fished from the specimens of four temporary carriers and 
caused one outbreak originated by a carrier in five patients. The disease had 
a mild dysentery-like character. Cases due to Salmonella of this subgroup re- 
covered within two weeks under sulfasuxidine treatment. 

S. newport var. puerto rico, a less common type described by Jordan’® and 
Kauffmann,'® was found together with S. enteritidis in a 46-year-old factory 
worker on admission. Both organisms disappeared from the feces within a 
month, 

S. enteritidis, a frequent cause of Salmonella infection, was isolated from 
two patients, once from a 61-year-old former food worker on admission and once 
from the above-mentioned ease infected also with S. newport var. puerto rico. 
Both patients were only temporary carriers, 
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S. dare-es salaam has never been tound in America. It differs from most 
Salmonella types in its ability to liquefy gelatin. The strain here observed 
came from a 63-year-old factory worker, newly admitted to a state hospital. It 
could not be recovered from the stool specimen on re-examination after four 
weeks. 

S. panama, an organism often encountered, was found in a 53-year-old 
former food handler when examined on admission. The feces became negative 
within two months. 


S. pullorum was isolated from six cases of diarrhea. This infection is of 


special interest, being a very rare human incidence of S. pullorum. Edwards 
and Bruner? reported only two cases in man. Three other cases were mentioned 
by Edwards in a personal communication. One human case was found by 


Borman et al.‘ 

The cases observed in the present survey appeared in two groups in the 
same state hospital. 

The first group included two cases that appeared on different wards but at 
the same time. One patient was a 48-year-old former housewife who had been 
hospitalized for thirteen vears. She had **dysentery”’ of unknown origin seven 
years ago. In March, 1943, she became ill with diarrhea. Light-colored liquid 
stools with much mueus, slightly raised temperature, and abdominal pain were 
recorded. S. pullorum was isolated trom the stools during the first days of 
sickness. The patient was treated with sulfasuxidine and recovered within 
three weeks. 

The other case appearing at the same time was a 72-vear-old factory worker 
who had been hospitalized for seven vears. When she beeame ill with diarrhea, 
and had light-colored liquid stools with much mucus, slight abdominal pain but 
without fever, S. pullorum was isolated from the stool specimens. She also 
received sulfasuxidine treatment. Frothy liquid stools were observed for four 
weeks. In May, 1948, no symptoms were recorded except mucorrhea. The stool 
specimens did not reveal Salmonella. In June, 1948, the patient became ill with 
bronchopneumonia and expired. The autopsy did not show pathology of the 
intestines or gall bladder. No Salmonellae were isolated from the cadaver 

The second group of S. pullorum infections consisted of four eases and oc- 
eurred in August and September, 1943. 

Two of these cases suffered from diarrhea repeatedly. The first of them, 
a 59-year-old patient, had diarrhea of unknown origin in February, 1941, April, 
1942, and June, 1942. An attack of diarrhea in August, 1943, showed elaylike, 
mucous, liquid stools. No general symptoms were noticed. 8. pullorum was iso- 
lated during the first week of illness. The patient recovered under sulfasuxidine 
treatment within two weeks. 

The other patient whose history showed repeated attacks of diarrhea was 
69 years of age. She had dysentery-like diarrhea with negative bacteriologi¢ 
findings in December, 1942, and February, 1948. In August, 1943, soft, mushy 
stools were observed, with much mucus. There was no fever and no. pain. 
S. pullorum was isolated from the first diarrheic stool specimen. The discase 
disappeared within two weeks on sulfasuxidine treatment. 
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The last two patients of this group, aged 50 and 78 vears, had diarrhea with 


liquid, light-brown stools and considerable mucus, some pain in the left hypo- 


eastric region, and slightly raised temperature. When S. pullorum was isolated 
from the stools, treatment with sulfasuxidine was introduced. The diarrhea 
ceased within a week and the patients were considered recovered in twenty-one 
days. 

The source of the S. pullorum infection could not be discovered. Because of 
the technical difficulties encountered in the isolation of the very fastidious 
S. pullorum, it may be presumed that several cases remained undetected. The 
hospital does not serve raw meat or eggs to inmates. Because of the appearance 
of four cases on the same ward, contact infection has to be assumed. The his- 
tory of three of the six patients with S. pullorum diarrhea showed previous ab- 
dominal disturbances. It is impossible to attempt to answer the question as to 
whether a chronie S. pullorum infection was present in these cases or if this 
Salmonella found a fertile soil in the intestines altered by a pathologie process 
of a different etiology. 

S. anatum and S. newington, often isolated from man and animals, were 
each present in one chronic carrier who acquired this status during outbreaks 
of such infections in state hospitals in previous vears. In addition, two chronic 
human earriers of S. anatum were isolated among new admissions to state 
hospitals. 

S. senftenberg, an organism frequently causing enteritis in man, was ob- 
served in two temporary carriers during a survey and in one ease of a dysentery- 
like diarrhea the origin of which could not be traced. This diarrhea was sue- 
cessfully treated with sulfasuxidine and ceased within a week. 

The last group of Salmonellae, called ‘‘F’’ or ** Further groups,’’ causes 
the greatest difficulty in diagnosis. While 9 ‘‘O”’’ sera are sufficient to classify 
roughly a member of the groups **A’’ to ** E,”* 14°*O” sera have to be employed 
for the diagnosis of one of the 23 Salmonella types belonging to this category. 
Many laboratories do not type members of the ‘*F’’ group at all. The observa- 
tion of the following three strains, however, demonstrates the necessity to 
examine organisms belonging to this group. 

S. kirkee was described by Bridges and Dunbar,'* but has not been reported 
in the United States. In this survey a strain was isolated from a 56-vear-old 
factory worker recently admitted to a state hospital. Only one stool specimen 
showed this organism. The patient died of tuberculosis three months later. No 
significant findings were described in the autopsy protocol, and no Salmonella 
was isolated from the cadaver. 

NS. ballerup of Kauffmann and Moller’ has never been reported in this 
country. Aeeording to personal communications from Drs. Edward, Fulton, 
and Seligman, and as far as ean be ascertained from the literature, this is the 
first instance since the original description of this organism that S. ballerup 
has een identified. 

The strain was isolated from a 36-year-old housewife when admitted to a 
state hospital. She denied having diarrhea or fever. The proctoseopie find- 
ings were negative. The patient ceased to be a carrier within two weeks. 
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S. ballerup here isolated contains Vi antigens and exhibits typical V-W 
variation. 

S. kentucky was first described by Edwards’? from fowl] enteritis. Olitzki°’ 
‘var, palestina’’ in camel and man characterized by the fermentation 


‘ 


isolated a 


of glycerol and no action upon m-inositol. Borman et al.* found this Salmonella 


in a human earrier. 

The strain observed in this survey came from a 58-year-old factory worker 
and was isolated on admission to a state hospital. It was glvcerol-negative and 
m-inositol positive, thus giving the reactions of the original type of Edwards. 

The patient did not show Salmonella on re-examination after one month. 

DISCUSSION 

During the period of one year, 65 Salmonella strains were isolated from 
64 patients and employees of state hospitals of the greater Chicago area. While 
47 strains belonged to more frequently seen types, as S. schottmiillert, S. typhi- 
murium, S. oranienburg, S. bareilly, S. montevideo, S. choleraesuis var. huntzen- 
dorf, S. enteritidis, S. panama, S. anatum, and S. senftenberg; 15 strains repre- 
sented less common types as S. schottmillert animal strain, S. schottmillert var. 
java, S. newport var. puerto rico, S. pullorum, S. newington, and S. kentucky. 
Finally three types were isolated in the United States for the first time, as S. 
dar-es-salaam, S. kirkee, and S. ballerup. 

Salmonellae were frequently found in symptomless carriers. It deserves 
attention that ten of the twenty-six carriers were food handlers by profession. 
The great number of such carriers among newly admitted state hospital patients 
during the last months could be linked, perhaps, with the increasing consump- 
tion of fowl and uninspected meat. 

S. typhimurium, S. montevideo, S. newport var. puerto rico, S. enteritidis, 
S. dar-es-salaam, S. panama, S. senftenberg, S. kirkee, S. kentucky, and S. 
ballerup caused only transitory carrier status. S. schottmiilleri and its varieties, 
bareilly, anatum, and newington, were isolated from persons harboring such 
organisms for more than three months. S. oranienburg was found in both a 
temporary and a chronic carrier. S. pullorum and S. choleraesuis var. kuntzen- 
dorf were isolated only from cases of disease. 

As to the propagation of Salmonellae in human beings, man-to-man transfer 
had to be assumed in infections observed with S. schottmiilleri animal strain, 
S. pullorum, S. typhimurium, S. choleraesuis var. kuntzendorf, S. oranienburg, 
and S. montevideo. Food as the source of infection could be traced in one out- 
break of S. typhimurium diarrhea. The origin of the first cases of enteritis due 
to S. choleraesuis var. kuntzendorf, S. pullorum, S. montevideo, and S. senften- 
berg could not be discovered, but food was suspected. 

The clinical picture of the ‘‘Salmonella disease’’ was the dysentery-like type 
of Hormaeche”! with or without fever and abdominal pain. The diarrhea caused 
by S. pullorum showed a striking amount of mucus. The prognosis of the c:ses 
here observed was good. Recovery came within two to three weeks on the aver- 
age. S. pullorum, S. oranienburg, S. senftenberg and S. montevideo infections 
were successfully treated with sulfasuxidine; S. choleraesuis var. kuntzendorf, 
with sulfathiazole. Cases due to S. typhimurium were more resistant to siilfa 
treatment. The sulfa treatment of chronic carriers of S. schottmiilleri, 8. 
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anatum, S. bareilly, S. newington, and S. oranienburg was a failure. The small 
number of observed cases, however, does not permit definite conclusions. — It 
seems to be necessary to try also other drugs than were used in these cases 
(sulfathiazole and sulfasuxidine). 

The so-called ‘‘ Kiel doctrine’’ distinguished Salmonellae pathogenie for man 
from Salmonellae afflicting animals. The ‘‘ Montevideo doctrine,’’ however, ree- 
ognizes that all Salmonellae are potential pathogens for both man and animals.’ 
This doctrine emphasizes that age, nutrition, general resistancy, and similar 
factors are of great importance to the development of Salmonella infections. 
The results of the survey here described definitely indicate that aged people, 
suffering of mental diseases and consecutive malnutrition, are more liable to 
become eases and carriers of Salmonellae than healthy individuals. Whether 
the invading Salmonella type is more ‘‘human”’ or more ‘‘animal’’ adapted does 
not seem to play an eminent role. 


TABLE I 


DISTRIBUTION OF SALMONELLA TYPES IN STATE HOSPITAL PATIENTS OF THE GREATER 
CHICAGO AREA 


From Oct. 1, 1942, to Oet. 1, 1943 
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SUMMARY 


From 13,000 stool specimens of inhabitants of state hospitals of the greater 

Chicago area, 65 strains of Salmonella belonging to 19 types of this genus were 
isolated. The occurrence of the respective types is discussed, and the observation 
of less common Salmonellae, as S. schottmiillert animal strain, S. schottmiilleri 
var. java, S. newport var. puerto rico, and S. kentucky, is recorded. An unusual 
epidemie of S. pullorum enteritis in man is discussed. The first isolation of 
S. dur-es-salaam, S. kirkee, and S. ballerup in the United States is described. 
. The authors are very much indebted to Dr. P. R. Edwards, Director of the National 
Salmonella Center, Agricultural Experiment Station, University of Kentucky, Lexington, Ky., 
for constant help and advise in their work. Dr. Edwards identified all less common and many 
of the frequently found Salmonella types here mentioned. 

It is with sincere appreciation the authors acknowledge the encouragement so kindly 


given by Dr. Nettie M. Dorris and Dr. J. J. McShane of the Division of Communicable Dis- 
ease. of the Illinois Department of Public Health. 
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NUTRITIONAL STATUS OF STAPHYLOCOCCUS AUREUS AS 
INFLUENCED BY PROFLAVINE* 


Gustav J. Martix, Sc.D., AND C. VirGINIA FIsHer, Pu.D., New York, N. Y. 


HE newer approach to the problem of chemotherapy lies in the determina- 

tion of altered bacterial nutrition or metabolic status caused by an anti- 
septic. The exelusion principle of Fildes' has given impetus to investigations 
of this type. Burke and his co-workers? first demonstrated that Staphylococcus 
albus develops resistance to acridines. In their experience, the adaptation to 
the dye was temporary and disappeared when the organism was grown on dye- 
free agar. The work of MelIlwain® has partially disclosed the nature of the 
mechanism of adaptation in these bacteria. Using Bacterium coli and Strepto- 
coccus hemolyticus, he found two types of material which were needed for 
vrowth in the presence of the acridines but were not needed in normal bacteria. 
Type 1 was nucleotides and Type 2 was a concentrate of amino acids for which 
phenylalanine could be partially substituted. Type 1 compounds formed com- 
plex salts with acriflavine components, and MeIlwain considered that the in- 
hibitors inactivate enzyme systems, of which Type 1 compounds are an es- 
sential part and Type 2 compounds are substrates or products, some of which 
ean be replaced by hydrogen carriers. 

Recent revival of interest in acridines has been due largely to war medi- 
cine and to a report from a British Medical unit operating in North Africa.‘ 
The present investigation was started with the objective of extension and im- 
provement in the acridine type of chemotherapy. 

Procedure and Results——The chemicals being tested for inhibition of the 
bacteriostatie and bactericidal action of proflavine were weighed into 10 ¢.e. 
amounts of standard beef extract broth. Each tube was subsequently inoculated 
with 0.1 ee. of a 1/10 dilution of a 22- to 26-hour culture of Staphylococcus 
aureus No, 209. The tubes were incubated 18 hours at 37.5° C. The number of 
bacteria per ¢.c. was determined by the serial dilution plate count method. As 
an added check, a system for determination of density using reflection methods 
was employed. Each set contained the experimental tube, the control, and the 
tube with the experimentally used chemicals. The latter tube was not inocu- 
lated. This made it possible to dilute the experimental tube with media and 
compare with the control plus an equal volume of incubated chemicals, the latter 
being used as the 100 setting and media as the zero. For purposes of listing, 
the chemicals tested are divided into five series: intermediary carbohydrate 


metabolic products, amino acids, vitamins, purines and pyrimidines, and mis- 
cellaneous. A total of 30 experiments, 1000 serial dilution counts, and 2500 


media tubes were needed to obtain the results. 
Carbohydrate Intermediate Metabolic Products——These chemicals were 
tesied at concentrations up to 0.5 mg. per ee. The proflavine concentration 


*Presented in part before Section of Biological Chemistry of the American Chemical 
Society, Pittsburgh, 1943. 
Received for publication, Oct. 28, 1943. 
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unless otherwise stated was 1 in 200,000 which is that concentration which eom- 
pletely inhibits the growth of Staphylococcus aureus under our experimental! 
conditions. All of these chemicals possessed some activity with the exception 
of dihydroxyacetone, glucuronic acid, and fructose. Table I shows the results 
obtained with various intermediary products of carbohydrate metabolism. — It 
is felt that their activity is not due to chemical interaction with the acridine 
used, proflavine. It is possible to conecive of direct chemical interaction be- 
tween the amino groups of the diamino-acridine and the aldehyde group of 
glucose, but it is difficult to imagine such action occurring between a simple acid 
like acetic and the proflavine molecule. It is highly probable that the action 
is the direct result of mass action forees on enzyme systems inhibited by the 
aeridines. Only pyruvie acid proved effective at concentrations of 0.1 me. 
per ¢.¢. 
TABLE I 
THE INFLUENCE OF INTERMEDIARY CARBOHYDRATE METABOLITES ON PROFLAVINE ANTISEPTICS 
(Averages for four sets) 


(Values expressed as number of bacteria per c.c.) 








ae 0.05 MG./C.C. = ot 

ec ene aden PROFLAVINE 0.05 MG./C.C. CONTROL COMPOUND 

COMPOUND oh PROFLAVINE 

+COMP. 

Glucose 32,400,000 47.000 ~ 189.000.000 
Glucose 250,000* 47,000 189,000,000 23.760,000° 
Acetie Acid 40,000,000 117 36,000,000 40,000,000 
Acetie Acid 1,296,000 6,480 18,000,000 1,296,000 
Malice Acid 83,400,000 117 90,000,000 
Sueeinic Acid 48,000,000 117 90,000,000 110,000,000 
Fumarie Acid 28,200,000 117 90,000,090 
Pyruvie Acid 39,000,000 96 36,000,000 40,000,000 
Pyruvie Acid 75,000,000 120 25,009,000 
Lactic Acid 34,200,000 96 36,000,000 
Glueonie Acid 500,000 96 36,000,000 








*10.0 meg./c.c. 


Amino Acids.—The following amino acids were tested at concentrations 
of 0.5 mg. per ¢.c.: phenylalanine, tyrosine, histidine, lysine, arginine, cysteine, 
glutamic acid, threonine, glycine, serine, tryptophan, leucine, isoleucine, valine, 
alanine, methionine, aspartic acid, proline, and hydroxyproline. All were tried 
as inhibitors of proflavine in concentration up to 0.5 mg. per ¢c.c. Of the series, 
phenylalanine and tyrosine were weakly positive, while cysteine, histidine, and 
glutamic acid were strong inhibitors. Table II shows the results obtained with 
the positive agents. Glutamic acid as a substrate of an adenine-containing 
enzymatic system fits into the scheme which will be presented; the other amino 
acid inhibitors of proflavine do not. Again, direct chemical interaction is tn- 
probable as the positive acids contain a representative of the diearboxy!ic 
amino acids, of the basic amino acids, and of the neutral amino acids. Further, 
aspartic acid, a dicarboxylic amino acid, is negative, while glutamie acid of the 
same group is positive. Histidine, a basic amino acid, is positive, while arginine 
and lysine, other basic amino acids, are negative. These facts make it !m- 
probable again that direct chemical interaction is the explanation. None of ‘he 
amino acids tested was active at 0.1 mg. per ¢.c. 

Vitamins.—The vitamins tested included nicotinamide, thiamine, inosi'ol, 
pyridoxine, pantothenic acid, riboflavin, biotin, and p-aminobenzoie acid, Tlivse 
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vitamins were negative without exception. The phosphorylated form of. thi- 
amine, cocarboxylase, was weakly positive at a concentration of 0.5 mg. per ¢.e. 

Purines and Pyrimidines.—The members of this series included: adenine, 
guanine, guanosine, uracil, thymine, nucleie acid, adenylie acid, and cozymase.* 
The pyrimidines, uracil and thymine, were negative. Guanine was a strong 
inhibitor while guanosine was inactive. Adenine was weakly positive, while all 
adenine-containing physiological agents, adenylie acid, nucleie acid, and cozy- 
mase, were strongly positive. Of this series only adenylie acid was active at 0.1 
mg. per 1 ee. Table IIT lists results obtained with these agents. 


TABLE II 
AMINO ACIDS INFLUENCING THE ANTISEPTIC ACTIVITY OF PROFLAVINE 
(Averages for four sets) 


(Values expressed as number of bacteria per c.c.) 








AMINO ACID shersclanesipapes PROFLAVINE 
0.5 MG./C.C. + AeNe ACID 0.05 MG./C.C. 
pga 0.00. MG./C.C. 
Phenylalanine ~ 200,000 47,000 189,000,000 37,000,000 
Phenylalanine 16,800,000 150,000 25,800,000 
Tyrosine 1,404,000 2,938,000 63,000,000 
Tyrosine 3,000,000 150,000* 25,000,000 
Cysteine 5,670,000 520 94,800,000 
Cysteine 4,500,000 500 20,000,000 
Histidine 870,000 47,000 189,000,000 43,740,000 
Histidine 750,000 500 20,000,000 
Glutamic 91,800,000 6,480 18,000,000 30,000,000 


“0.1 mg./c.c. 


CONTROL AMINO ACID 











TABLE IIT 
THE EFFECT OF PURINES AND PURINE DERIVATIVES ON THE ANTISEPTIC ACTION OF PROFLAVINE 
(Averages for four sets) 
(Values expressed as number of bacteria per c.c. 








COMPOUND PROFLAVINE + COMP. PROFLAVINE 
0.5 MG./C.C. 0.05 MG./C.¢C. 0.05 MG./C.C. 
Adenine 77,760 36 102,000,000 48,600,000 
Adenine 56,160 120 25,000,000 24,000,000 
Adenylie Acid 82,800,000 520 94,800,000 100,000,000 
Adenylic Acid 27,600,000 96 36,000,000 
Cozymase 144,000,000 96 36,000,000 
Cozymase 3,250,000 3,000,000* 30,000,000 
Nueleie Acid 5,400,000 120 25,000,000 30,000,000 
Nucleic Acid 34,800,000 660t 70,000,000 
Guanine 232,000 47,000 189,000,000 7,290,000 
Guanine 4,200,000 520 87,000,000 88,000,000 
Guanosine 432 520 94,800,000 
Guanosine 1,070 540 87,000,000 


*0.01 meg./c.e. 70.08 meg./c.c. t0.1 mg./c.c. 








CONTROL COMPOUND 








Both adenine and guanine are positive, one is 6-aminopurine, the other 
2-amino-6-oxypurine. Uric acid is negative. This may suggest that an amino 
group in the 2- or 6-position is vital to inhibitory activity. Thymine, 2 :6-dioxy- 
d-nethylpyrimidine, and uracil, 2:6-dioxypyrimidine, are both devoid of ae- 
tivity and of amino groups. However, the chemical reactivity of purines and 
pyrimidines is of such a similar nature as to render improbable chemical reaction 
bei\veen acridine and purines as the basis of the inhibitory action of these agents. 
Coonzyme 1, cozymase, is an adenine nucleotide containing in its molecule one 


*Obtained through the courtesy of Dr. E. Bueding and Dr. S. Ochoa of Bellevue Hospital, 
New York, N. Y. 
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mole of adenine, one of nicotinamide, and two of phosphoric acid and d-ribose. 
Adenylie acid is composed of one molecule each of adenine, ribose, and phos- 
phorie acid. In each case, the amino group of the adenine moiety is free. 

Miscellaneous.—p-Hydroxyphenylpyruvie acid (2.0 mg./e.c.) was found neg- 
ative. This rather suggests that the activity of pyruvie acid is a specific one 
and not due to reaction of the carbonyl radical with the amino of proflavine. 
Blood serum was found highly potent as an inhibitor when added in quantities 
of 1 ec. to the 10 ¢.¢. of medium containing the proflavine. The activity seemed 
to be no greater than that found in 5 mg. of adenylie acid. Several of the 
specific inhibitors, e.g., pyruvie acid and malice acid, seemed to possess a potency 
in 5 mg. amount equal to that of 1 ¢.c. of serum. Casein hydrolysate tested at 
100 mg. in 10 ¢.c. was active, and its activity could easily be accounted for by 
its content of glutamic acid, histidine, cysteine, phenylalanine, and tyrosine. 
Creatine and creatinine were tested and found negative. 

Using a proflavine concentration of 1 in 1,000,000 at which it exerts a very 
weak antiseptic action, various sulfonamides were tested in concentrations of 1 
in 100,000 for any inhibitory effect against proflavine. Sulfanilamide, sulfa- 
pyridine, sulfathiazole, sulfadiazine, and sulfaguanidine were all negative. 
Pyridium was also devoid of inhibitory action under these conditions. 

Many of the inhibitors of proflavine action were tested as possible stimu- 
lators of the growth of Staphylococcus aureus in the standard beef extraet broth 
used as medium. Glucose, 10.0 mg./c¢.c., and phenylalanine, guanine, adenine, 
histidine, sodium oleate, adenylie acid, nucleie acid, pyruvie acid, acetic acid, 
suceinie acid, and glutamic acid, each at 0.5 mg./e.c., were all tested, and of 
these only suecinie acid and glutamic acid stimulated growth even to a slight 
extent. Details of results with the various agents are listed in Tables I, II, 
and III. 

The ratio of proflavine to effective concentration of inhibitor was between 
1:100 and 1:20. This ratio was maintained using concentrations of proflavine 
from 1:200,000 to 1:5000, where pyruvie acid and adenylice acid were studied 
as the inhibitors. 

Chemical Studies.—Attempts were made to precipitate proflavine from a 
saturated solution by adding a saturated solution of adenylie acid, malie acid, 
pyruvie acid, and guanine. With the guanine and the malice acid a precipitate 
formed, but as was subsequently determined, this was due to a salting out 
process and not to the formation of an insoluble proflavine complex. At the 
concentrations employed in the bacteriologie testing, 1 in 200,000 for the anti- 
septie and 0.5 mg. per ¢.c. of the other reagents (unless they were less soluble), 
no precipitates were formed. It may easily be that soluble complexes are 
formed. In this connection, the work of Wagner-Jauregg™ is interesting. [le 
described the formation of various acridine salts of adenosinepolyphosphoric¢ 
acids. These salts were formed with adenylie acid and with the adenosine di 


and tri phosphoric acid complexes. No precipitate occurred when cozymase Was 
added to acridine solution. Under the conditions of our experiments, no })re- 
cipitates were formed when proflavine and adenylic acid were allowed to reac! 
in saturated solutions. Our conditions attempted to simulate the bacteriolozi¢ 
experimentation conditions and did not resemble those of Wagner-Jaurees, 
who treated a watery solution of the free adenosinephosphorie acid with an a 0- 





MARTIN AND FISHER: NUTRITIONAL STATUS OF STAPHYLOCOCCUS AUREUS 387 


holic solution of acridine. Thus, it is felt that although it is highly probable 
that complexes of some sort are formed between the adenine-containing com- 
pounds and proflavine, these complexes are not insoluble. More specifically, 
the basis of the mechanisms under consideration is not one of simple precipita- 
tion of the active growth-promoting physiologic ingredient of the medium. The 
fluorescence of a 1 in 200,000 solution of proflavine is not altered by the pres- 
ence of 0.5 mg. per ¢.c. of either pyruvie acid or adenylie acid; this is further 
proof against any precipitation. 

Discussion.—The action of the acridine antisepties depends primarily upon 
the ability of these agents to inactivate physiologically important adenine com- 
pounds. In this group are adenine, adenyli¢ acid, adenosine triphosphate, 
cozymase (coenzyme 1, which is a diphosphopyridine nucleotide), coenzyme 2 
(triphosphopyridine nucleotide), and flavine adenine dinucleotide (xanthine 
oxidase, d-amino oxidase, diaphorase, aldehyde oxidase, and fumarie hydrogen- 
ase), 

It is not impossible that part of the action depends upon the inhibition 
by the acridine of nucleosidase which is responsible for the liberation of adenine 
from nucleic acid combination. However, this seems unlikely because adenine 
itself is an extremely weak inhibitor of the action of the acridines, and if the 
presence of free adenine were the limiting factor one would expect it to be a 
powerful inhibitor. 

When we consider each enzyme in its specific svstem along with the ehem- 
icals demonstrated to inhibit the antibacterial action of the acridines, it be- 
comes apparent how they cross-check. 

Fumarie hydrogenase is the yellow enzyme eatalizing the reduction of 
fumarie acid to succinie acid. Fumarie acid weakly inhibits the acridine ae- 
tivity; suecinie acid powerfully inhibits this action. The fumarie acid probably 
acts by mass action, foreing some formation of suecinie acid via the reduced 
effective concentration of the fumarie hydrogenase. 

d-Amino acid oxidase but not 1-amino acid oxidase is affeeted. As not all 
amino acids inhibit acridines, l-amino acid oxidase should not be involved. The 
fact that it is not may indicate that this enzyme is not an adenine-containing 
complex. Although d-amino acid oxidase is probably inhibited, the d-amino 
acids do not inhibit the acridines, since d-amino acid metabolism is probably 
not vital to the life processes of the Staphylococci. 

Coenzyme 1 is demonstrated to inhibit the acridines. Its action is as a 
coenzyme for many dehydrogenases. During the reactions it takes up two 
hydrogen atoms, forming dihidrocoenzyme 1. It is the coenzyme for over 35 


different enzymatie reactions. Glucose dehydrogenase converts glucose to 
glueonie acid, and both glucose and gluconie acid are weak inhibitors of pro- 
flavine. 


Penicillin B® is an enzyme of the flavine type converting glucose to gluconie 
acid. It is possible that any enzymatie system may be the mechanism of anti- 
bacterial action if it is caused to become exceedingly active, producing an ex- 
cess of an antibacterial chemical, or if it is caused to cease to act entirely, thus 
depriving the bacterium of a required nutrient material. Malice dehydrogenase 
converts malic acid to oxalacetiec acid, and malice acid inhibits the acridines to a 
mild degree. 
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Lactic dehydrogenase converts lactic acid to pyruvie acid, and both acids 
inhibit acridines. The product, pyruvie acid, is by far the more powerful in- 
hibitor. Glutamie acid dehydrogenase converts glutamic acid to alphaketo- 
glutaric acid, and glutamic acid partially inhibits the acridines. These seem 
enough examples to demonstrate the point that coenzyme 1 is inhibited and that 
increased concentration of substrate or product aids the bacterium in overeom- 
ing the action of the antiseptie. 

Adenylie acid is also an excellent inhibitor of acridines. This fact in turn 
indicates that the acridines inhibit adenylie acid. If this were true, it would 
lead to certain metabolic abnormalities which could be corrected by supplying 
phosphorylated forms or certain dephosphorylated forms. Thiamine is believed 
to be converted to cocarboxylase through the action of adenylie acid, and there- 
fore cocarboxylase should partially inhibit the aeridines. The fact that it does 
inhibit the aecridines indicates the correctness of the deduction. Pyruvie acid 
is at one phase of intermediary carbohydrate metabolism the end product of 
the dephosphorylation of phosphopyruvie acid, which gives its phosphate radical 
to adenylic acid, which is in turn converted to adenosine triphosphate. Pyruvie 
acid is a powerful inhibitor of proflavine, and there would seem to be two rea- 
sons. First, it is the product of lactic acid dehydrogenase of which coenzyme 1 
is an essential part, and second, it is one of the important products of inter- 
mediary carbohydrate metabolism at the point involving the adenylie acid 
molecule. 

The manner in which phenylalanine and tyrosine fit into this picture is as 
vet undetermined. It is true that in certain instances bacteria have a metabolic 
requirement for one or the other. Pasteurella pestis’ seems to require pheny]- 
alanine in preference to tyrosine for its growth. Neither tyrosine nor phenyl- 
alanine is required growth factor for Bacillus larvae.’ Tyrosine alone is ef- 
fective for Streptococcus salivarius.. The typhoid bacillus? seems to require 
neither tyrosine nor phenylalanine. In the case of the meningococecus’? ade- 
quate growth is obtained with an amino acid mixture containing phenylalanine 
and no tyrosine. Streptococcus hemolyticus'! requires seven amino acids, 
tyrosine, and not phenylalanine. Bacterium tularense’? grows well on a syn- 
thetic medium containing phenylalanine but no tyrosine. Thus, it cannot be 
definitely stated that Staphylococcus aureus requires phenylalanine or tyrosine 
for its metabolism, but the indications are that it does. 

Our observations entirely confirm those of MecIlwain*® concerning the ac- 
tivity of phenylalanine and nucleic acid in inhibiting the antibacterial activity 
of proflavine. The general mechanism suggested by him we have confirmed and 
extended. The enzyme systems are the adenine-containing enzyme systems, and 
the substrates are not only certain amino acids but also various intermediary 
carbohydrate metabolic products. 

Dickens" noted that acriflavine among other agents inhibited the Pasicur 
reaction, which might be stated to be carbohydrate oxidation under aerobic 
conditions. This is a mechanism in which the physiologically important adeni 
containing compounds would be directly involved, and therefore Dickens’ 
sults fit into the picture as we construct it. It was felt by this investigator | 
the activity of the dyes was due to an anticatalytie action on certain cell 
zymes, and he suggested that they might be pyridine-containing enzymes, 
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coenzymes which were involved in hydrogen transport. He further suggested 
that the active agents displaced the coenzymes by preferential adsorption on the 
colloidal carrier, forming an inactive complex. This theory of Dickens is in 


essence the mechanism that we have established. Manifold'* found that acri- 
flavine, proflavine, and 2:7-diaminoacridine inhibited the pyruvate and glucose 
oxidation systems of brain tissue. The inhibition of fumarase by aeriflavine was 
demonstrated by Quastel,!’ who later'® demonstrated an inhibition of urease by 
this same chemical. In the urease experiments, Quastel found that glycine, 
p-aminobenzoie acid, aspartie acid, glutamie acid, and allantoin afforded nearly 
50 per cent protection against brilliant green toxicity for urease. 

All of the facts recorded by these investigators'** fit into the theory we 
present for the mechanism of action of the acridine antiseptic, proflavine. 


SUMMARY 
Proflavine, 2:8-diaminoacridine, produces bacteriostasis in Staphylococcus 
aureus cultures by inhibiting adenine-containing physiologically important 
factors: adenylie acid, coenzymes 1 and 2 and adenine flavine dinucleotide. 
This fact was demonstrated by the inhibition of the action of proflavine by 
adenine, adenylic acid, cozymase, and nucleic acid (yeast). Further, metabolic 
intermediates of the action of these agents inhibit acridine; included among 
these intermediates are glutamic acid, lactic acid, acetic acid, pyruvie acid, and 
gluconie acid. 
Certain agents which inhibit acridines and constitute exceptions to the 
above scheme are discussed. 
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CLINICAL CHEMISTRY 


THE RELATIONSHIP BETWEEN BLOOD VOLUME AND BLOOD 
SPECIFIC GRAVITY IN THE RECOVERY FROM 
CARDIAC DECOMPENSATION* 


JoserH R. Di PauMa, M.D., ANp Puiuie KE. Kenpauy, M.D. 
New York, N, Y. 

pn a result of the work of Gibson and Evans,' it is now generally recognized 

that the recovery from cardiae decompensation is attended by a fall in 
blood volume which parallels improvement in venous pressure and circulation 
time. In severe instances of decompensation, this fall may be as much as 40 
per cent of the initial volume. With such a marked reduction in blood volume 
over a relatively short period of time and also in consideration of the profuse 
diuresis in a compensating cardiae patient, the question naturally arises as to 
the effect upon the concentration of the blood. Does the blood become more 
concentrated, and, if so, does it affect the fluid portion of the blood as well as 
the cellular?) Stewart? has presented evidence that the first period of recovery 
from decompensation is accompanied by a fall in plasma specifie gravity which 
later rises to control levels as complete compensation is reached, Most author- 
ities believe that there is a concentration of the blood, but only because the 
relative proportion of red blood cells to plasma inereases as the patient in 
cardiac failure recovers.’ * However, the exact relationship has never been 
worked out. 

This investigation was undertaken in an attempt to answer these problems 
by frequent measurements of blood volume, whole blood specific gravity, plasma 
specific gravity, and hematocrit readings in a suitable group of patients with 
heart disease as they recovered from decompensation. 


METHODS AND PROCEDURES 


Plasma volume was measured by the dye method of Hooper et al.* The 
method was modified only by substitution of the Evans’ Blue, T 18247 for 
the dye vital red. Also, in recognition of the prolonged mixing time found 
in cardiac decompensation by Gibson and Evans,' a seven-minute period was 
allowed to elapse before collection of the second sample instead of four min- 
utes. By use of graded standard solutions the unknown and standard readings 

*From the Department of Medicine, Long Island College of Medicine, Kings County 
Hospital Division. 
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on the colorimeter were never allowed to deviate more than 10 per cent. This 
vreatly added to the accuracy of the results. From the plasma volume and 
the hematocrit readine, the whole blood volume and red cell volume were 
calculated. 

Whole blood specifie gravity and plasma specific gravity were measured 
by the method of Barbour and Hamilton’ as perfected by Seudder.® Ieparin 
was used as the anticoagulant. All samples were venous, secured from the 
cubital fossa without stasis. Rigid precautions were followed to prevent 
hemolysis, and all samples showing the slightest defect in this direction were 
discarded. Double determinations were made. Hematocrit readings were also 
performed in duplicate by the use of Sanford-Magath tubes. They were cen- 
trifuged at 2,500 revolutions per minute for one hour. Venous pressures were 
determined by the standard ‘‘L.’’ tube method with the needle held 10 centi- 
meters above the level of the bed. Circulation time from the arm to tongue 
was measured with decholin. 

Only those patients with ample evidence of decompensation were selected 
for this study. They all had clinically obvious venous distention and periph- 
eral edema. The procedure with any given case when first seen was as follows: 
A few hours after admission the initial blood volume, blood specific gravity, 
venous pressure, and circulation time studies were made. He was then rapidly 
digitalized by mouth. Fluid intake was limited to 1,200 ¢.¢. daily. Approxi- 
mately twenty-four hours later, an injection of 2 ¢.¢. of mercupurin was given. 
This was repeated in four days when necessary. Each patient was then care- 
fully followed for at least a two-week period. The blood volume determination 
as well as venous pressure and circulation time was repeated on the second 
or third day after admission and also on the fifth, ninth, and fourteenth days. 
Hematocrit readings and blood specifie gravity studies were done daily. Blood 
samples for these latter determinations were always collected approximately 
three hours after a standard light breakfast. 


RESULTS 


Karly in the investigation it was found in a large group of decompensated 


‘ardiae patients that if the specific gravity of the plasma was followed daily 
until compensation was attained, two types of curves resulted. In the first 


(Group I), the specific gravity of the plasma fell in the first two or three days 
following therapy and then rose gradually to control or just above control 
levels as compensation was achieved. In the second type (Group II), the 
specific gravity of the plasma stayed constant or rose in the first two or three 
days following the onset of recovery. The general character of these curves 
is illustrated in Figs. 1 and 2, respectively... Note that the specific gravity of the 
plasina has been converted to plasma protein by means of Weech’s formula.’ 
In order to elucidate further the nature of this change in blood concentration, 
sixteen careful experiments on fourteen patients were carried out; in these 
the specifie gravity of the whole blood, hematocrit readings, and the blood 
Volume were also studied. The age and type of heart disease were summarized 
in Table I. All were males with the exception of R. B. and A. B. Two patients 
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I’. P. and B. T. were studied on separate admissions to the hospital. These 
were approximately three and two months apart respectively. Close study of 
Figs. 1 and 2 reveals additional factors of interest. In all cases except one, 
I. M., the change in hematocrit reading paralleled the change in plasma pro- 
teins; for example, if the plasma proteins fell, the red blood cell per cent also 
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Fig. 1. 

Figs. 1 and 2.—Group I and Group II cardiac patients are illustrated respectively (see 
Table I). The first day represents conditions before the onset of therapy, while the fourteenth 
day shows complete recovery from heart failure. The specific gravity of the plasma has been 
converted to plasma proteins by use of Weech’s formula and has the same significance. Note 
that all the patients in Group I had a fall in plasma proteins during the first 2 or 3 d 
recovery. The hematocrit reading also fell during this period in all instances except 
The whole blood specific gravity reflects the over-all change in blood concentration 
recovery. Note that in the first period of recovery the plasma volume fell more rapidl 
the red blood cell volume. Despite this apparent blood concentration, the whole blood s} 
gravity fell because of the simultaneous marked decrease in plasma proteins. Group. 
tients show either no change in blood specific gravity or a rise. This is associated wil 
lack of change in blood volume. (See text for full discussion.) 
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fell, and vice versa. This variation in plasma proteins and hematocrit readings 
was corroborated by the change in the specific gravity of whole blood. Thus 
in the first group, Fig. 1, the specifie gravity of whole blood fell in every in- 
stance except in the case of I. M. who it should be noted had a rise in the 
hematocrit reading instead of a fall. In Fig. 2, the second group of patients 
also show a parallel variation of whole blood specific gravity, plasma proteins, 
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Fig. 2. 
(See Fig. 1 for complete legend) 


and the hematocrit. Thus the observed changes in whole blood specific gravity 
substantiate the conclusion that the deviation in the specific gravity of the 
Plasma in one direction is attended by a change in the hematocrit reading in 
the same direction. The significance of this will be discussed below. 

When the blood volume in each cardiac patient is studied in relation to the 
changes in blood concentration, one other fact stands out (Figs. 1 and 2, and 
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Table 1). In the first group, the decompensated patients have a greatly increased 
initial blood volume, whereas in Group IT the blood volume is not very much 
increased. Moreover, the decrease in total blood volume with compensation in 
the first group is marked, 28 per cent. In the second group, the decrease is only 
6 per cent. This fall in blood volume is corroborated by the fact that the 
extent of the fall in venous pressure was also greater in the first group. 


TABLE I 


List oF Group I AND Group IL Carprac PATIENTS WHICH ARE PREFERRED TO IN THE TEX’, 
THE RELATIONSHIP BETWEEN THE DECREASE IN BLOOD VOLUME AND RECOVERY 
From HEART FAILURE AS INDICATED BY THE VENOUS PRESSURE AND 
CIRCULATION TIME IS DEMONSTRATED IN BoTH GROUPS 











RECOVERY 
| CIRCULA- TOTAL | VENOUS | CIRCULA- TOTAL 
TION BLOOD | PRESSURE TION BLOOD 
TIME VOLUME | CM. H,0@ | TIME VOLUME 
SEC. Cc. | 
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64 L.H.D. 39. 30 5124 i 17 : 
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MEANS | 33.6 38. 7254 Bi 21 5227 


























GROUP II 
51 A.H.D. 93.5 38 6620 f ( 6289 
50 R.H.D. 335 25 6646 29. 28 6380 
H.C.V.D. 
51 L.H.D. 24 5846 v 5628 
86 A.H.D. 18.0 25 3598 2.3 2 3536 
72 A.H.D. 30.5 32 5602 J 5086 
48 T.H.D. 33.0 12 5941 a. 6120 
74 A.D.H. 32.5 25 4960 9, 3982 
58 H.C.V.D. 30.0 26 7210 5: 7 6600 
MEANS 28.3 | 25.9 5803 
Arteriosclerotic heart disease. ; 
Hypertensive cardiovascular disease. 
Rheumatic heart disease. 
Thyroid heart disease (thyroidtoxicosis). 
Leutic heart disease. 



































Also of note is the fact that one cardiac patient studied, F. P., had the 
same type of curves on two separate admissions. His blood volume in both 
instances was initially elevated and was markedly reduced with recovery. In 
contrast, B. T. fell into the first group on his first admission and into the second 
group in his second attack of decompensation. The blood volume changes cor- 
responded, for on his first admission the reduction in total blood volume with 
recovery was 929 ¢.c.; on his second admission it was only 218 ¢.e. 

A correlation chart serves to illustrate graphically the relationship between 
the blood volume and plasma specific gravity in the two groups of cardiac pa- 
tients (Fig. 3). In the first group it is seen that as the blood volume falls rapidly 
in the first three days of the onset of recovery from decompensation, the plasma 
protein concentration also falls rapidly. From the third day onward, while the 
blood volume is still diminishing but at a much slower rate, the plasma pro!cil 
concentration rises gradually to slightly above its control level. In the second 





DI PALMA AND KENDALL: BLOOD VOLUME AND BLOOD SPECIFIC GRAVITY 395 


eroup there is a slight increase in plasma protein concentration with the fall in 
total blood volume of the first three days. After this, there is little change in 
the relationship between the two factors. Since in the two groups the hematocrit 
readings and the whole blood specific gravity parallel the plasma proteins, it is 
obvious that the same relationship holds for the latter (see Figs. 1 and 2). 

It may be concluded, therefore, that as a decompensated cardiac patient 
recovers, the specific gravity of the plasma may either rise or fall for a period 
of from two to three days following the onset of therapy. It then stabilizes at 
approximately control or slightly above control levels, with complete compen- 
sation. The hematocrit reading generally parallels the changes in plasma spe- 
cific gravity. Those cardiae patients who have a fall in specific gravity of the 
blood have an increased initial blood volume which is markedly reduced with 
compensation, while those who do not have a fall in specifie gravity of the 
blood do not have a large initial blood volume with marked reduction in the 
recovery phase. 
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Fig. 3.—Correlation graphs of the changes observed in blood volume and plasma protein 
concentration, Daia for graphs gathered from charts are shown in Figs. 1 and 2. Each 
humeral represents the mean total blood volume and the mean plasma protein concentration 
on each day that the patient was studied. Thus, numeral 1 represents the mean total blood 
volume and the mean plasma protein concentration on the first day before therapy was started. 
The succeeding numerals indicate the change observed on the following days until complete 
recovery takes place. Note that in Group I the rapid fall in blood volume in the first 3 days 
is attended by a corresponding rapid fall in plasma proteins. Thereafter, as the blood volume 
continues to diminish less rapidly, the plasma proteins rise gradually to their former level. 
In Group II the blood volume diminishes only slightly with recovery, and the plasma proteins 
in this instance rise slightly in the first three days and then remain constant. 


DISCUSSION 


In agreement with Gibson and Evans' it was found that during the initial 
period of recovery in the first group of patients (Fig. 1) the decrease in plasma 
Voliime was greater than the decrease in red cell volume. However, their sup- 
posi‘ion that beeause of this relative increase in red blood cell volume, the con- 
centration of whole blood at this time must be greater is not borne out in fact. 
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They were not aware that during this period there is also a marked fall in the 
specific gravity of the plasma. The curves of whole blood specifie gravity in 
Fig. 1 clearly show the fall in whole blood concentration during this period of 
recovery from decompensation. Stewart's? conclusions are also open to question 
in regard to increases or decreases in blood volume, as he studied changes in 
specifie gravity of the plasma alone during recovery in cardiae patients. There- 
fore, in view of the evidence here presented it cannot be too strongly emphasized 
at this point that changes in blood concentration do not always indicate the im- 
pending changes in blood volume, nor, conversely do changes in blood volume 
always show the impending changes in blood concentration. To determine ac- 
curately blood concentration or dilution, both specific gravity and blood volume 
studies must be made. Disregard of this factor has led to much confusion in the 
literature, as aptly pointed out by Bazett.* 


SUMMARY AND CONCLUSIONS 


Sixteen experiments on fourteen patients with various kinds of heart disease 
during severe decompensation were made. As each patient recovered from de- 
compensation with the usual therapeutic regime, the whole blood specific gravity, 
plasma specific gravity, and hematocrit readings were done daily. Blood volume 
was measured by the plasma dye method at least four separate times at suitable 
intervals during the recovery period. Venous pressure and circulation times 
were done frequently to gauge the extent of decompensation and recovery. The 
data seeured permitted the following conclusions to be derived coneerning the 
relationship between blood concentration and blood volume in the recovery from 
cardiac decompensation. 

It was found that the decompensated cardiac patients studied could be sepa- 
rated into two groups. The first group had a high initial blood volume which 
was reduced markedly with recovery from decompensation. In the first two 
or three days following the onset of recovery there was a marked fall in specific 
gravity of the plasma. The hematocrit level also fell during this period in all 
cases except one. Later, with further recovery, there was a gradual rise in 
plasma specific gravity and hematocrit levels, to control or slightly above the 
control levels. The changes in whole blood specific gravity corroborated these 
findings. 

The second group did not have a marked initial increase in blood volume 
and the reduction with recovery was slight. In this instance there was either 
little change in plasma specific gravity or a rise during the first period of re- 
covery from decompensation. In all instances the hematocrit level paralleled 
the changes in plasma specific gravity. 

In the light of these results, the significance of the relationship between 
blood concentration and blood volume, in patients’ recovery from cardiac fail- 
ure, was discussed. It was pointed out that to accurately determine blood 


concentration or dilution, both specific gravity and blood volume studies »ust 


be made. 


; The authors are grateful to Dr. J. Hamilton Crawford for his interest and helpful sugges- 
tions in this investigation. 
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GENERAL 


COMPARATIVE RESULTS WITH TRANSDERMAL (OR TRANS- 
CUTANEOUS) AND INTRACUTANEOUS 
TUBERCULIN TESTS* 


H. J. Corper, M.D., Pa.D., DeENver, CoLo. 


T WAS pointed out previously’ that the many divergent opinions on the value 

of the tuberculin test might be accounted for primarily by the degree of 
chemical and bacteriologie purity and stability of the tuberculin preparations, 
and the lack of a full understanding of the basis of the tubereulin reaction and 
those biologic factors which account for its fluctuations in the individual ease. 
When properly evaluated in the light of any single biologie test, it is still classed 
among the best biologic tests known to medicine. In diagnosis or in surveys, 
a good evaluation of a properly performed tubereulin test can be of inestimable 
value; not exclusively in every case, to be sure, even though at times it may 
be the only available positive or negative evidence, but rather inclusively when 
all available findings are considered. 

Now that it is understood that the tuberculin reaction, either local or gen- 
eral, is a quantitatively variable condition based not on tuberculosis per se but 
rather on the commonly and almost regularly associated condition, tuberculous 
allergy,? it is possible to evaluate the significance of this reaction and to avoid 
misinterpretation in man or animal, especially if general reactive ability is 
considered as one factor in the negative or positive phases of this reaction. It 
has been disclosed* experimentally that tuberculin (tuberculoprotein) anaphy- 
laxis is not significant in the tuberculous, but specific tuberculo-immunity and 
specific tubereulo- (bacillary) allergy are of practical significance as two sepa- 
rate phenomena occurring, however, distinctly to variable extent in various 
phases of the disease. Although there appears to be no definite evidence ot the 
liberation of tuberculin in vivo in tuberculosis as it occurs in vitro* in cultures 
of tubercle bacilli, there is a definite tuberculo-allergiec hypersensitiveness to 
tuberculin, as distinguished from bacillary hypersensitiveness. Such tuber ilo- 
allergie hypersensitiveness is developed during the tuberculous infection and 
responds by the familiar reaction when tuberculin (tubereuloprotein) is used 
for test by injection or suitably applied so adequate and intimate contact \ ith 
 #¥rom the Research Department, National Jewish Hospital at Denver, Colo. 
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the body tissues occurs. The quantitative aspects of this response are well 
known and evident from the past failure to accept any single quantity of 
tuberculin for test by injection. 

In the early part of this century, the lack of pure tubereulins proved a 
decided handicap to scientific progress. Not until Long and Seibert’ introduced 
methods of preparing chemically pure tuberculins was it possible to define the 
tuberculin reactions more accurately as to their significance or dosage. When 
chemically pure tubereulins were used by injection for diagnostic or survey 
purposes, the amount to obtain a positive reaction and still avoid too severe a 
reaction had to be definitely limited and defined. Graded tests became neces- 
sary because of the quantitative aspects of the tuberculin reaction in the indi- 
vidual ease. However, such procedure proved much more satisfactory and 
accurate than the Pirquet searification procedure, used almost universally in 
the early surveys of this century, in which a full strength tuberculin was applied 
to a searified (Pirquet method) or punctured (Craig method) skin and re- 
sulted in a high percentage of positive reactions. It is well known now that 
full strength tuberculin can cause a fair percentage of false positive reactions 
when introduced into the injured or abraded skin. This was one of the orig- 
inal objections to the Moro Ointment test which required vigorous rubbing and 
consequent skin injury to attain the proper introduction of the tuberculin sus- 
pended in fats as an ointment. 

To obviate either injection or searifieation, Vollmer and Goldberger® intro- 
duced the patch test. This is essentially a dried (saturated) tubereulin on a 
piece of filter paper attached to adhesive tape, and it requires four days after 
application before the final reading. The main advantages claimed were that the 
test requires no instruments, can be performed by nurse or assistant, and 
eliminates danger of infection. The tuberculin is liquefied sufficiently by the 
natural moisture of the skin (‘‘perspiration insensibilis’’). However, the dis- 
advantages to the patch test are the slow evolution of the reaction, four days 
compared with one to two days by injection, and the adhesive tape reactions 
occurring in certain individuals.’ * 

Recognizing the possibilities of the transdermal tuberculin test and using 
chemically pure tuberculin, one can point out! that the nature of the injected 
tuberculin reaction appears to limit the use of tuberculin for diagnostic pur- 
poses. A transdermal, or transcutaneous, tuberculin test with pure tuberculin 
would have the advantages of being based on rapid absorbability through in- 
timate contact of a high concentration of tuberculin in soluble form, producing 
no general toxicity, and offering simplicity, speed, and visibility. Such a test 
might also be self-limited by the very positive reaction itself.° However, there 
were three features which precluded practical success, the complexity of 
preparation, the high cost of chemically prepared pure tuberculin, and the un- 
successful attempts to incorporate the ordinary tubereculins in a suitable ad- 
hesive to insure intimate contact with the skin without producing irritation 
or reactions of any kind in itself. 


The primary purpose of obtaining a suitable tuberculin (tubereuloprotein) 
was achieved in the development of a highly potent autolytie (or plasmolytic) 
tubereulin,’® bacteriologically and chemically pure. Its biologic activity was 
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proved identical to the tuberculin (tuberculoprotein) obtained in the natural 
filtrate from growing tubercle bacilli on a nonprotein synthetic medium. This 
tuberculin could be readily dried, pulverized, and incorporated into a trans- 
parent skin adhesive preparation, would dry within several minutes on the skin 
of man or animals, produced no tensive or irritation reactions, and possessed no 
antigenic properties when applied to the skin alone in either normal or tubereulo- 
allergie individuals. 

To eliminate marked variation in the response to different commercial 
tuberculins,"’ all transdermal and intradermal tests to be reported used the 
same original bacillary cultures, and the autolytie tuberculin and a_ purified 
protein tuberculin were prepared from these to rule out variations and to make 
comparisons basically as scientific as possible. Preliminary experiments in 
guinea pigs revealed a striking parallelism of the negative and positive reactions 
obtained in normal, tuberculous, and tuberculo-allergie guinea pigs (prepared 
with viable avirulent or nonviable heat-killed tubercle bacilli suspended in 
mineral oil). 

In order to do a satisfactory scientifically controlled test on well-studied 
cases from a diagnostic standpoint, intradermal and transdermal test materials 
were prepared. Colonel George F. Ayveock, Chief of Medical Service of Fitz- 
simons General Hospital, presented the data on the individual cases studied, 
and these are summarized into the following compilation of results. The find- 
ings are presented with the intradermal (Mantoux) and the transdermal 
(autolytic) tuberculin tests in 103 cases studied at Fitzsimons General Hospital. 

Of the 103 cases tested, 90 gave a positive transdermal test, which was read 
at 24 and 48 hours after application of the autolytie tuberculin. Eighty-nine of 
these 103 cases gave a positive intradermal reaction, graded in the usual fash- 
ion from 1 plus to 4 plus; 87 of these gave a positive response following the in- 
jection of 0.001 mg. of purified protein tuberculin, and two additional cases 
gave a positive response after giving 0.005 me. of tuberculin. There was agree- 
ment in positive findings between the transdermal and intradermal tests in S0 
cases (considering all grades of positive reactions to 0.001 mg.), while 82 agreed 
when the larger amount (0.005 mg. tuberculin) was given intracutaneously. 

There were seven cases which gave a positive transdermal test and a nega- 
tive intracutaneous test (all grades reaction to 0.001 meg.), and two of the lat- 


ter were positive to the 0.005 mg. test. There were seven cases which gave a 
positive (all grades) intracutaneous test and a negative transdermal test. 


There were 31 cases with a positive smear or culture for the presence of 
tubercle bacilli in the sputum, and all of these gave a positive intracutaneous 
and transdermal test except one of the latter. The patient in that case was 
critically ill at the time of test and displayed a decidedly retarded transdermal 
absorption. 

Some of the details of the special cases of disagreement between the intra- 
dermal and transdermal tests are presented here. In evaluating a positive or 
negative reading medically, one can place no absolute value on either test when 
negative or when considered singly. The exception, as is so often true in medi- 
cine, warns us that a positive or negative finding alone without corroborative 
substantiating findings for such a diagnosis would not justify definite conclusions 
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in the individual case. It must also be remembered that all features of tubereu- 
lous allergy upon which the tubereulin test is based are not fully understood 
at the present time, although dosage of tuberculin and the general physical 
condition of the patient are acknowledged factors in a positive determination in 
the presence of a positive allergic condition. 


CASE 1.—Critical case of tuberculosis; active, and advanced cavitation, The sputum 
smear was positive, the transdermal test was negative, and an intradermal test (4.001 mg. 
tuberculin) gave a 2+ reaction within forty-eight hours. 

CASE 2.—Serofibrinous pleurisy and multiple pulmonary cavities with a negative sputum 
smear, a 1+ intradermal test (0.001 mg. tuberculin), and a negative transdermal test. 

CASE 3.—Multiple pulmonary calcifications; sputum smear negative for acid-fast bacilli; 
intradermal test (both 0.001 and 0.005 mg. tuberculin) negative; and the transdermal test 
was positive. 

Case 4.—Asthmatic bronchitis and bronchiectasis with a negative sputum for acid-fast 
bacilli and negative (both to 0.001 and 0.005 mg. tuberculin) intradermal test; positive trans- 
lermal test. 

CasE 5.—Left spontaneous hemopneumothorax, negative sputum smear for acid-fast 
bacilli, negative (both to 0.001 and 0.005 mg. tuberculin) intradermal test; positive trans- 
dermal test. 

Case 6.—Quiescent fibrous tuberculosis with a negative sputum smear, positive (3+ to 
0.001 mg. tuberculin) intradermally, and a negative transdermal test. 

CASE 7.—Bronchial asthma with a negative sputum, positive (1+ to 0.001 mg. tuberculin) 
intradermally; negative transdermal test. 

CasE 8.—Chronie bronchitis with a negative sputum for acid-fast bacilli, negative 
(both to 0.001 and 0.005 mg. tuberculin) intradermally; positive transdermal test. 

CASE 9.—Left lower lobe bronchiectasis with a negative sputum smear, negative (both 
0.001 and 0.005 mg. tuberculin) intradermal test; positive transdermal test. 

Case 10.—Chronic bronchitis (supposed hemolytic Streptococcus viridans) with a neg- 
ative sputum smear and a negative (0.001 and 0.005 mg. tuberculin) intradermal test; positive 
transdermal test. 

CASE 11.—Pulmonary fibrosis with a negative smear, negative concentration test, positive 
culture for tuberele bacilli, a negative (0.001 and 0.005 mg. tuberculin) intradermal test, 
and a positive transdermal test. 

CASE 12.—<Active tuberculosis with cavitation and a negative sputum smear, a positive 
with 0.001 mg. tuberculin) intradermal test, and a negative transdermal test. 


» 


4 
CASE 13.—Active tuberculosis III C with a positive smear and positive intradermal 
test (2+ with 0.001 mg. tuberculin) ; a negative transdermal test. 
CASE 14.—Catarrhal bronchitis and bronchiectasis with a negative smear and negative 
intradermal test; a positive transdermal test. 


The foregoing disagreement in findings brings out several important points 
with regard to tuberculin tests. Even though highly specific, (1) these tubereu- 
lin tests are conditioned by a number of important factors not always controll- 
able no matter which type of test is used; and (2) the importance of repeating 
a test easily if necessity demands. For this purpose, the transdermal test 
possesses many advantages over any injection test. However, it must be ad- 
mitted that an intradermal test is warranted as a verification test at times, but 
the transdermal test appears to be preferable as a routine either for diagnosis or 
surveys. 

Since it is duly recognized that no single biological test is infallible, a com- 
parison of the transdermal and intradermal tests was made on the basis of 
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tuberculous and nontuberculous cases (including tuberculous infection). There 
were 64 of the former and 39 of the latter. The transdermal tests were read 
only as positive, indicating a definite reaction, or negative. Gradings can be 
made, but they do not seem essential with the transdermal test because of the 


self-limited nature of the reaction. In comparison, the intradermal tests may 
‘ange from questionable 1 pluses to violent and extensive 4 plus reactions. 


Even in the tuberculous, the transdermal reactions never assumed alarming 
proportions. 

Among the 64 tuberculous cases, 58 had a positive transdermal test ,and 62 
had a positive intradermal test. Nineteen of these 62 reactions were on the 
borderline 1+ reaction, 31 gave a 2+ reaction, 11 a 3+ reaction, and 1 a 4+ re- 
action. If we include all reactions from 1+ to 44, only four more positive cases 
were noted with the intradermal than with the transdermal test. Since the ad- 
vaneed condition in some of these cases would place them in the retarded ab- 
sorption class not requiring a tuberculin test for diagnosis, it is obvious the 
transdermal test closely approximates the intradermal test in the definitely 
tuberculous. 

Among the 39 nontuberculous cases (including those with possible tubereu- 
lous infection but no easily discernible disease), the transdermal test was posi- 
tive in 32, while the intradermal test was positive in 25 with the 0.001 mg. 
tubereulin, and in 27 with both the 0.001 and 0.005 me. tubereulin. The graded 
reactions for the intradermal tests were ten 1+ (1 with 0.005 me. tubereulin), 
twelve 2+, and five 3+ (one with 0.005 me. tuberculin). 

Again the comparisons of the positive reactions were fairly close for the 
two tests. Since the reaction of the transdermal test depends upon the same 
specific tuberculin or tuberculoprotein and since none of the other constituents 
of the preparation react in any way in either nontuberculous or tuberculous 
patients, it must be assumed that any positive reaction to the specifie tubereulo- 
protein tuberculin is caused by tuberculous infection or the presence of tuber- 
culous (tuberculin) allergy in the sense that tubereulin elicits a response in the 
allergic hypersensitive organism. 

SUMMARY 

Comparison of the results of a transdermal tuberculin test (prepared from 
an autolytie tuberculin) and an intradermal test with a purified protein tubercu- 
lin (prepared from the same original bacillary cultures) on 103 patients re- 
vealed a striking parallelism between the two tests. 

Among the 103 patients tested, 90 (87 per cent) were positive by the trans- 
dermal test and 89 (86 per cent) by intradermal injection. Agreement between 
the two tests occurred in 82 of the positive tests. When considering the 64 
definitely tuberculous cases tested, the agreement was 58 (90 per cent) for the 
transdermal and 62 (96 per cent) for the intradermal tests. The slight dif- 
ferences were attributable to the transdermal absorption retardation in the 
definitely ill cases. Among the 39 nontubereulous cases (including those with 
possible infection but no evident tuberculous disease), the agreement again was 
fairly close; 32 (82 per cent) reacted to the transdermal test as compared with 
27 (70 per cent) for the intradermal test. 
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It may be well to repeat here that the tuberculin test ranks among the 
best biologie diagnostic tests, not as an exclusive test but rather as an inclusive 
one to other verifying medical findings. It is valuable in specific surveys and 
as a diagnostic aid in tuberculosis and for the presence of the hypersensitivity 
of tuberculous allergy. 
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A MODIFIED TEST FOR THE DETECTION OF NITRATE REDUCTION* 


Kivyn G. Scorr, M.T., ANp Epmonp P. Fincu, Jr., B.S.,f Witminatron, Deu. 


es the past four decades the ability of bacteria to reduce nitrate has been 
an important characteristic in the identification of species. That the litera- 
ture as yet contains contradictory findings has been indicated by Tittsler'’ in 
two members of the Salmonella group, Zobell? in the Brucella group, and Reed* 
in the clostridia group. 

Conn,* in an evaluation of the nitrate reduction, has pointed out that sim- 


ple tests which give a positive reaction indicate that reduction has occurred, but 


that to show that reduction does not occur is a complicated undertaking. In a 
test which is negative for nitrite and shows no visible gas production, there 
oceur a number of explanations. The nitrate may be rapidly reduced to nitrite 
(with no accumulation) and further reduced to ammonia; the ammonia may 
be reduced to nitrogen, in insufficient quantity to be detected; the nitrite or 
ammonia produced may be assimilated; there may be a temporary loss of the 
organism to-reduce nitrate; or the medium may not be suited to the purpose 
of the test. Zobell*? has shown that, in a negative nitrite test, the addition of 
zine dust will reduce the remaining nitrate to nitrite; a repeated negative test 
indicating that nitrate has been utilized and probably reduced, without nitrite 
accumulating. 

This paper concerns itself primarily with the detection of nitrite as evi- 
dence of bacterial reduction of nitrate and will attempt to show, by using a 
modification of Bratton and Marshall’s’? technique for blood sulfonamide levels, 
a test of greater sensitivity and easier readability than those previously de- 


scribed by Wallace and Neareigy Tittsler.' 
The investigation was divided into two parts: (1) evaluation of the rela- 


tive sensitivities of the modified and sulfanilie acid tests by chemical means, 
and (2) evaluation of sensitivities and earliest detectability by microbie means. 
REAGENTS AND CULTURE MEDIA 
Sulfanilic Acid Test Reagent: 
Solution (a) Sulfanilie acid 8 Gm. 
Dilute sulfurie acid (5 per cent by volume) 1,000 ¢.c. 
Solution (b) Dimethyl-alpha-naphthylamine* 6 ©... 
Dilute acetic acid (30 per cent) 1,000 @.c. 
To each test was added 0.5 ¢.c. of (a) followed by 0.5 ¢.e. of (b). 
Readings were made at the end of fifteen minutes. 
These solutions keep for apparently not more than one month at room 
temperature. 
*From the Pathological Laboratory of the Delaware Hospital. 
Received for publication, Nov. 20, 1943. 
yAt present Second Lieutenant, Sanitary Corps, A.U.S., Valley Forge General Hosp!' ul, 
Phoenixville, Pa. 
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Modified Test Reagent: 


Solution (a) Sulfanilamide* (saturated aqueous solution) 20 ce. 
Trichloraecetic acid (15 per cent) 80 @.e. 

Solution (b) N-(1-naphthyl) ethylenediamine* 
dihydrochloride 0.1 Gm. 
Distilled water 100 @.e. 

To each test was added 0.5 ¢. of (a) followed by 0.5 ¢.¢. of (Db). 

Readings were made immediately. 

These solutions apparently keep indefinitely, at refrigerator temperature. 


Dunham’s Peptone Broth: 


Peptone (Difco) 10 Gm. 
Sodium chloride 5 Gm. 
Distilled water 1,000 ee. 

No pH adjustment. 

The medium was tubed in 6.0 ¢.¢. amounts, autoclaved at 121° C. for 
twenty minutes. <A sterile (Seitz-filtered) 1.2 per cent aqueous solu- 
tion of potassium nitrate (chemically pure nitrite-free) was added 
aseptically, 0.1 ¢.c. per tube, giving a concentration of 0.02 per cent 
potassium nitrate. 


Tittsler’s Peptone Broth: 
Peptone (Difco) 9 


Potassium nitrate (chemically pure nitrite-free) 0.2 

Distilled water 1,000 

No pH adjustment. 

The medium was tubed and autoclaved as above, giving a concentration 
of 0.02 per cent potassium nitrate. 


EXPERIMENTAL 


(1) To evaluate the relative sensitivity of the tests and substances inter- 
fering with it, a freshly prepared 0.1 per cent aqueous solution of sodium 
nitrite was prepared. Distilled water, 0.85 per cent sodium chloride, and the 
peptone broths previously described were used for subsequent dilutions. These 
dilutions, prepared in duplicate, were tested for the presence of nitrite by the 
addition of the modified and sulfanilic acid reagents, using 1.0 ¢@.¢., 0.5 @.e., and 
three drops of each solution. 


Maximum color development occurred immediately on the addition of 
sohition (b) of the modified test, but required fifteen minutes standing after the 
addition of solution (b) of the sulfanilie acid test. The observed sensitivities, 
using a readily discernible end point (1+) and all three amounts of reagents, 
were: in the modified test, 1 part nitrite in 100,000 parts water; in the sul- 
fanilie acid test, 1 part nitrite in 1000 parts water; or an apparent one hun- 


dredfold sensitivity of the modified over the sulfanilie acid test. 

*Dimethyl-alpha-naphthylamine from Eastman Kodak Co., Rochester, N. Y., N= 
Se napaeny)) ethylenediamine dihydrochloride from LaMotte Chemical Products Co., Balti 
mors Md. 


Sulfanilamide was selected because of its relative cheapness. 
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Dilutions prepared in 0.85 per cent NaCl solution gave essentially the same 
results. 

Dilutions were then prepared, using as diluents the culture media described 
and the test reagents added as before. 


TABLE I 





DILUTION PREPARED IN DISTILLED WATER 
conc. OF NaNO, MODIFIED SULFANILIC ACID 


| 0.5 ee, | 3 drops BC. 0.5 ee. 53 drops 




















2100 44 44 ieee, lamas 34 
21,000 4+ 44+ 14 14. 
:10,000 34 34 24 (0) 0 
:100,000 | ' ES | 14 0 0 
:1,000,000 + | + 0 0 
210,000,000 | 0 0 0 0 











4+ maximum color developed (deep purplish red). 


3+ 

2+ | — varying degrees of color density, from a 4+ through a faint, although discernible, 
ea pink (+). 

+ 


Here, it will be observed (Table IT), the presence of peptone appreciably 
reduced the sensitivity of both tests. Using the same end point as in Table T it 
will be noted that the modified test gave only a 1:10,000 sensitivity, using Dun- 
ham’s broth and 0.5 ¢.c. of each solution, as compared to a 1:1000 sensitivity 
with the sulfanilie acid test. This is perhaps not so striking in the dilutions with 
Tittsler’s broth, which contains only one-fifth the amount of peptone. It was 
also noted that in using three drops of solutions (a) and (b) of the modified 
test, a deep reddish amber color was produced, entirely different in shade from 
all other colors developed. For this reason, the amounts of each test solution 
to be used in subsequent experiments was arbitrarily set at 0.5 ee. 

(2) To evaluate the relative sensitivities of the two tests by microbie means 
the following procedures were carried out: 

Stock cultures of nine known positive and negative nitrate-reducing organ- 
isms were selected from the stock culture collection, plated for purity, and 
transferred on nutrient agar slants for three successive days. These growths 
were then suspended in 0.85 per cent NaCl solution, their densities adjusted 
to a BaSo,y standard No. 3, and 0.1 ¢.¢. of each suspension was added as an 
inoculum to a series of tubes containing Dunham’s broth + KNOs and Tittsler’s 
broth. 

These were then incubated at 37° C. and tested for the presence of nitrite 
by the addition of 0.5 ¢.c. of each of the solutions previously described, at inter- 
vals of 4, 8, 12, 24, 48, and 72 hours after inoculation. 

It will be noted (Table III) that although Dunham’s broth + KNOs gave a 
more rapid and luxuriant growth (probably because of the increased concen- 
tration of peptone), this factor did not appreciably enhance the early detection 
of nitrite with either test. The nitrite-positive organisms rapidly reduced the 
nitrate present, and, in one instance (Escherichia coli), produced a confusing 
color reaction. 

In our opinion, Tittsler’s broth was the superior medium. It readily sup- 
ported growth of all the test organisms used; a clear and maximum color pro- 
duction with both tests was noted in the usual period of ineubatien (12 to 24 
hours), and confusing color reactions were absent. 
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As a whole, the modified test gave an average inerease of two-plus in color 
density over the sulfanilie acid test. 


SUMMARY 


A modified test for the detection of nitrite as an indicator of bacterial 
reduction of nitrate was described, based on the color produced by sulfanila- 
mide and coupling reagent in the presence of nitrite. 

The modified and sulfanilie acid tests were compared in relation to their 
sensitivity, ease of reading, and effect of interfering substances. 

The nitrate-reducing ability of a group of pathogenic bacteria was evalu- 
ated, using Dunham’s and Tittsler’s peptone broths and the modified and sul- 
fanilie acid tests. 

It is believed that the nitrite test in present use is capable of improvement, 
and the modified test is presented here as a suggested step in that direction. 

While the investigation was limited to human pathogens that grew well in 
liquid peptone media, there is little doubt that the modified test could be ap- 
plied as well to saprophytes and plant parasites which grow poorly in such 
media. 

REFERENCES 
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A SIMPLE ELECTRON TUBE DROP RECORDER* 
Robert V. Brown, PH.D., Ewin J. O’BrieN, M.S., AND 
CHARLES W. Rook, B.S., Granp Forks, N. D. 


HERE are a number of drop recorders on the market, and several others 

have been described in the literature or at various meetings. These re- 
corders are expensive, difficult to adjust, and are frequently unreliable. 

The recorder shown in the diagrams is inexpensive, easy to use, operates 
on ordinary lighting circuits, is not affected by radiant heat, does not require 
suction, and has only one moving part. In extensive use it has given satisfaec- 
tory service over many hours without attention. As drawn, it will record drops 
of any solution having as good conductivity as distilled water at any rate of 
drop formation up to fusion of the drops into a steady stream; at this rate it 
necessarily fails. 

The wiring diagram for the essential element, a radio receiving tube (No. 
117N7GT), is shown in Fig. 1. For solutions of poor conductivity the bias of 
six megohms is necessary ; for physiologic secretions the bias may be as low as 
0.5 to 1.0 megohms. The condenser is an ordinary electrolytic one of 16 micro- 
farads capacity. The power source is the usual 110-120 volt lighting cireuit, 
either alternating or direct current. On direct current, polarity is important: 
if the tube fails with the plug in one position, reversal of the plug is neces- 
sary ; no damage is caused bv the failure to plug in correetly. 

The insert in the first figure shows the simplest type of dropper to con- 
struct; simplicity of construction is gained at the expense of convenience in 
use. In Fig. 2 is shown a far more convenient dropper which is a trifle more 
difficult to construet, but which repays in convenience many times over. The 
current flowing through the dropper, with good metallic contact, is in the order 
of not over two microamperes; when the cireuit is through a solution across 
the contacts, the higher resistance still further reduces the current. With such 
negligible current, electrolysis of the dropper parts is absent and base metals 
are used in their construction. We have found that any hypodermic needle of 
the luer slip type makes a good dropper. The needle is first bent at 90° by 
inserting the cleaning stylus, then by heating and bending. By having sev- 
eral gauges of needles available, the drop size can be easily regulated. 

The actual record of the drops is traced on a kymograph by a writing tip 
cemented onto the armature of a telephone line relay,t which acts here as a 
signal magnet. The armature of the relay is the only moving part of the drop 


recorder. 


*From the University of North Dakota, Departments of Physiology and Pharmacolocy, 
and Electrical Engineering. 

Received for publication, Nov. 22, 1943. 

Western Electric Company, code number E-165. 
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In use, the desired duct is cannulated. To the cannula one end of a rubber 
tube is attached; the other end is slipped over a hose-to-luer slip needle adapter.* 
The adapter is then slipped into an identical adapter permanently mounted in 
the dropper. Onto the other end of the mounted adapter is slipped the bent 
hypodermic needle. Air in the rubber tube is displaced through the assembly 
by injecting saline solution into the tubing with a syringe, the needle being 
inserted into the lumen of the tube as near the cannula as possible. 

The only failure of the apparatus occurred while recording the flow of very 
viscous bile: a thread of bile remained spanning the gap of the dropper, com- 
pleting the cireuit and holding the armature down. This condition is easily 
remedied by increasing the distance between the metal rod and the needle, or, 
if desired, a U-tube of saline solution may be inserted behind the dropper, with 
the secretion displacing the saline solution through the dropper. 


*Becton, Dickinson, and Co., No. H/L/lL. 





METHOD TO DETERMINE THE PENETRATING POWER OF 
GERMICIDES* 


I. J. voN Gurretp, M.D., Ricumonp, Va. 


T HAS been pointed out repeatedly that a germicidet must have the power 
| to penetrate different kinds of substances (living tissues, mucus, many kinds 
of inanimate material) in order to get in contact with the germs to be killed, 
since these very often are embedded in such substances, and accordingly, are 
more or less protected against the killing power of the germicide.'"° This fact 
has been expressed lately by F. C. Brown and E. E. Reid: ‘*Obviously steriliza- 
tion cannot extend beyond the zone of penetration.” * 

The interposition of a layer which separates the germicide from the micro- 
organisms inhibits the killing power in several ways: (a) The separating 
substance alterates the germicide chemically; (b) it adsorbs the germicide 
physically (Effront’). These possibilities may occur singly or combined. Their 
action diverts the germicide from its object, the germs to be killed. This effect 
could be designated as deviation. (¢) The necessity to penetrate the separating 
layer requires time. The length of this period is influenced by the material 
of the separating layer, its thickness, the kind of the germicide, temperature, 
ete. 

Although the necessity of testing the penetrating power of germicides has 
been acknowledged, only few attempts have been made to obtain experimental 
data. 

Lubenau® in 1907 used little hornsticks, 2 to 3 mm. in diameter, which were 
allowed to imbibe a bacterial suspension. After drying, the infected hornsticks 
were tested against different disinfectants. In 1929 Lubenau again published 
his method.'” The use of horn as a biologic material seems to be justifiable. 


However, the method gives no disclosure about the distance penetrated by the 
disinfectant in a given period. 


A method for determining the germicidal value and the penetrating power 
of liquid disinfectants was established by Kendall and Kdwards.'' Coli-infeeted 
agar cylinders, 15 mm. in diameter, were submerged in the disinfectant, then 
washed with sterile water. From the center of the evlinder a core of 3 mm. 
diameter was removed and transferred into lactose fermentation tubes. This 
method is not only complicated, but introduces several sources of error (von 
Gutfeld and Gurwitz'?). Furthermore, the procedure can be used for a limited 
variety of germs only. 

The well-known cup-plate method by L. C. Himebaugh, as described in 
circular No. 198 of the U. S. Department of Agriculture, seems to solve the 


From the Department of Bacteriology and Parasitology, Medical College of Virginia, 
Richmond, Va. 

Presented in part at the meeting of the Virginia Branch of the Society of American 
Bacteriologists. Nov. 14, 1942. 

Received for publication, Nov. 29, 1948. 

7The expression germicide comprises fungicidal, bactericidal, and viricidal agents. 
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problem of measuring the penetration of different kinds of germicides.'* How- 
ever, the ‘‘sterile’’ zone around the cup must be tested, whether the emptiness 
of this area is due to a bactericidal or a bacteriostatic action: ‘‘the agar in the 
clear zone may be tested for growth by subeulture in broth.’’'* The necessary 
transfer of small pieces of agar, cut from various sites of the sterile zone, in- 
volves sources of error and is rather cumbersome. Besides, the following e¢riti- 
cism may be mentioned. 

In the cup-plate method the clear zone around the cup is supposed to in- 
dicate how far the chemical penetrated the nutrient medium in the horizontal 
direction. If, for example, the eup is of 15 mm. diameter and the clear area 
33 mm. in diameter, the conclusion would be that the chemical was still active 
after penetrating 9 mm. of the nutrient medium. This conclusion is not neces- 
sarily correct. It could happen that the active substance ‘‘migrated’’ by 
capillarity over the surface of the nutrient medium for that distanee, and pene- 
trated only the thickness of the nutrient medium from the surface downward. 
If 15 ¢.. of the nutrient medium had been poured into the Petri dish of 9 em. 
diameter, the agar layer would be ea. 2.4 mm. thick. This would mean that 
the penetrated stratum was not 9 mm., but 2.4 mm. only. 

In the beginning of the penetration experiments* the attempt was made to 
apply a ‘‘eoating”’’ to infected dried cotton strings. This technique proved to 
be of no avail since it was impossible to produce a flawless coating on the neces- 
sary number of strings. Finally the following technique was found satisfactory : 
Cotton strings, ca. 15 mm. long, ca. 1 mm. thick, were sterilized, infected, and 
dried. Ten ¢.c. of agar were poured into a sterile Petri dish. After the agar 
had hardened, the infected strings were laid on the surface of the agar, and 10 
to 15 «ec. of agar (45° C.) poured over the strings. The strings now were em- 
bedded. After hardening of the covering layer, the germicide was poured on 
top of it. After varied periods of time a string was removed, thoroughly rinsed 
with sterile water, and transferred to a suitable nutrient medium. 

It may be pointed out that the description of the method given above con- 
stitutes only an outline. Cotton strings with dried adherent germs are an ex- 
ample for the carrier. Instead of cotton strings any other suitable carrier may 
be used.'* The germs may be fungi, bacteria with or without spores, or vira; 
either in pure cultures or in combinations. The embedding substance allows 
variations of the material (agar, gelatin, ete., with or without additions), of 
its concentration, and of the thickness of the covering layer. Different germi- 
cides may be used in various amounts and concentrations. Finally the tem- 
perature at which the test is performed can be varied. 

The method may tentatively be named technique of *‘embedded germ car- 
riers.’’ It simulates natural conditions insofar as the germicide has to pene- 
trate a covering layer whereby deviation may or may not take place. 


Experiment 1.—Sterilized cotton strings were infected with a suspension 
of Escherichia coli and dried in the incubator. Ten c¢.c. of sterile 3 per cent 
gelatin is poured into a sterile Petri dish. After the gelatin has solidified in 
the refrigerator, coli-infected strings are laid on the surface of the gelatin. 


*The first experiments were performed with the assistance of Mr. L, G. May. 





VON GUTFELD: PENETRATING POWER OF GERMICIDES 415 


Of the same 3 per cent gelatin, 15 ¢.c. are poured over the strings, whereby a 
covering layer of about 2.4 mm. is produced. The Petri dish with the embedded 
strings and another Petri dish containing coli-infected strings only (in the fol- 
lowing tables referred to as ‘‘direct’’) are placed in the refrigerator (tem- 
perature ca. +10° C.). After solidification of the covering layer of gelatin, a 
solution of phenol 1:100 in tap water is poured over the covering gelatin as well 
as over the strings in the other Petri dish. After varied periods of time one 
string from each series is removed, rinsed with sterile water, transferred to a 
test tube containing 5 ¢.c. of 1 per cent peptone water, and incubated at 37° 
(. The viability of the bacteria on dried control strings was tested before the 
start and after the end of the experiment: Both tests showed that the bacteria 
were alive and able to multiply.* The results of this experiment are given in 
Table I. 


TABLE I 








% DAYS 
. Lh wp ep » + > 99 > 
REMOVED AFTER 530 MIN, 4 HR. 23 HR. 9: 5678910 15t 





Embedded strings + 4 1 RR eS ETS hi 
Direct + rs - | = 00:00:00 0: 0-0 





Control start: + growth of FH. coli, identified by subculture. 
Control end : + sterile 


0 = not done 
t discontinued after 15 days 

The experiment demonstrates that it took more than 15 days for the pene- 
tration of the 1 per cent phenol solution through a layer of 3 per cent gelatin 
ca. 2.4 mm. thick at a temperature of ca. +10° C. By direct contact the same 
phenol solution killed the bacteria after more than 4, but less than 23 hours. 

The same day another ‘‘direct’’ experiment was carried out at room tem- 
perature (ea. 28° C.). Here the colon bacilli were killed within 25 minutes. 

The influence of the temperature on the disinfecting process is well known, 
and the slowing effect of the gelatin laver is not surprising. This retarding 
action may be caused by two different actions: the deviation of the germicide 
and the necessity to penetrate the gelatin. 


The deviating action of gelatin on phenol could be demonstrated by the 
following experiments. 


Experiment 2.—Coli-infected, dried cotton strings were exposed to the 
action of 1 per cent phenol in presence and in absence of gelatin respectively. 

Over infected strings in separate Petri dishes were poured: 

(a) 18 «e. phenol (1:90) + 2 ce. 3 per cent gelatin, and 

(b) 20 ee. phenol (1:100). 

The experiment was carried out in the refrigerator (ca. +10° C.). Under 
these conditions the 1 per cent phenol killed the colon bacilli within 10 hours; 
addition of 0.3 per cent gelatin prolonged the killing time up to more than 23 
(less than 26) hours. 

Leperiment 3.—Coli-infected dried cotton strings were treated with: 

(a) 8 ee. phenol (2 per cent) + 8 ¢.c. 6 per cent gelatin — 1 per cent 
phenol, 3 per cent gelatin, and 


.*These controls were performed in all our experiments and will be mentioned as “control 
start” and “control end.” 
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(b) 8 @e. phenol (2 per cent) + 8 ¢.c. sterile water = 1 per cent phenol. 

Immediately after (a) and (b) have been prepared, the two liquids are 
poured over the strings in separate Petri dishes. The experiment was carried 
out in duplicate at room temperature (427° ©.). The results are given in 
Table II. 

The results of the duplicated experiment were identical; all results were 
confirmed by subculturing. 

The presence of gelatin increased the time necessary to kill the bacteria 
considerably, and so demonstrates its ‘‘deviating’’ effect. 

The influence of the concentration of the disinfectant was tested in the 
following experiment. 

Experiment 4.—Coli-infected cotton strings were embedded in 1 per cent 
agar; the covering layer is ca. 2.4 mm. thick. The technique of embedding has 
been described in Experiment 1. One bateh of embedded strings is treated with 
1 per cent phenol, another batch with 2 per cent phenol. The results of this 
experiment, which was performed at room temperature (28° C.) are given in 
Table ITT. 


TABLE II 








“MINUTES 
20 30 4: a) 





1 per cent phenol + 3 per cent gelatin 
1 per cent phenol 





Control start: + Control end: + 


TABLE JII 


COLI NOT YET KILLED AFTER COLI KILLED AFTER 











1 per cent phenol 55 hours 60 hours 
2 per cent phenol 4 hours 8 hours 





Control start: + Control end: + 


The inerease in concentration shortens the time necessary to penetrate the 
covering layer and to kill the germs noticeably. 

It seemed worthwhile to examine the effect of substances added to the gel 
on the penetrability of the mixture. 

Experiment 5.—Coli-infected cotton strings were embedded in: 

(a) 3 per cent gelatin, and 

(b) 3 per cent gelatin in which 0.2 per cent lecithin (‘*practical,’’? Kast- 
man Kodak) was dissolved. The covering layer was ca. 2.4 mm. thick, the 
germicide was 1 per cent phenol, the temperature 410° C. At the same time 
infected strings were directly treated with 1 per cent phenol in the refrigerator 
(410° C.). The results are given in Table IV. 

The addition of lecithin enhanced the penetrating power of the disin- 
fectant. 

In order to demonstrate the feasibility of the embedding method in testing 
fungicides the following experiment was performed. 

Experiment 6.—Cotton strings were infected with Trichophyton gypscum 
according to our formerly described method.'* One series of these strings is °M- 
bedded in 1 per cent agar; the covering layer is ca. 2.4 mm. thick. This series 
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is treated with zephiran, aqueous solution 1:1,000. At the same time another 
series of the same batch of infected strings is treated directly with zephiran, 
aqueous solution 1:5,000. Both series are kept at room temperature. The ex- 
periment is performed in duplicate. It was necessary to dilute the zephiran for 
the direct treatment, since preliminary experiments with dilutions 1:1,000 and 
1:2,000 respeetively had shown that these concentrations killed the fungus 
within two to five minutes. Table V demonstrates the results. 


TABLE IV 


| 








HOURS 
2 5 711 24 28 31 








pmbedded in 3 per cent gelatin 
Embedded in 3 per cent gelatin containing} + 

0.2 per cent lecithin 
Direct 











Embedded in 3 per cent gelatin 


Embedded in 3 per cent gelatin containing 
0.2 per cent lecithin 











Control start: + 
growth of FE. coli, identified by subculture 
sterile 0 not done ¢ discontinued after 16 days 


TABLE V 





, MINUTES HOURS DAYS 
2 5& 10 20 3: 20 24 : 5 











Embedded, zephiran 1:1,000 | 4 } ES + + 
+ 


Direct, zephiran 1:5,000 0 0 





Control start: + Control end: + 
growth sterile 0 not done ¢ discontinued after 8 days 


While in the direct experiment the dilution 1:5,000 killed the fungus within 
3) minutes, the embedded fungus proved to be viable vet after 8 days though 
the fivefold concentration of the germicide was applied. The duplicate ex- 
periment yielded similar results. 

This experiment may have practical applications, as it demonstrates how 
different it is, whether the fungicide can act directly on the causative agent of 
athlete’s foot or whether it has to penetrate a layer which separates it from the 
fungus. 

it may be mentioned that in experiments with fungi as well as with bac- 
teria some species of microorganisms exhibited peculiarities of growth after 
having been exposed to the action of a germicide: such as lack of surface growth 
or delayed surface growth (Trichophyton gypseum), formation of a_ thick 
pellicle (Escherichia coli), delayed pigment formation (Pseudomonas aeru- 
ginosa). In every instanee of such an event the identity of the surviving germs 
has heen verified by subeultures. The causes and conditions of these phenomena 
are under investigation, and the results will be published in due time. 

The described experiments have been chosen to demonstrate the method 
and iis possibilities. 

Other experiments have been performed whereby the different factors 
(kind of germs, medium to be penetrated, ete.) have been varied. Although 
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we did not try the method on vira, we may assume that the procedure is suit- 


able for testing the penetrating power of viricidal agents. It is furthermore 
evident that not only liquid germicides but solid (powders) and = semisolid 
(e.g., ointments) disinfectants can be examined as well. Finally it might be 
mentioned that the method can be adapted for gaseous germicides. 


SUMMARY 


The necessity of testing the penetrating power of germicides has been 
stressed repeatedly. The existing methods have limited fields of application. 
A new method is here described. It can be practiced with different kinds of 
germs (fungi, bacteria, vira) either in pure cultures or in mixtures. The sub- 
stance to be penetrated can be modified as to material and concentration. 
Furthermore, the penetrated distance can be appraised, and the temperature 
ean be varied. <All kinds of germicides (liquid, solid, gaseous) can be tested. 
The technique takes into account the retarding effects of deviation and pene- 
tration at the same time, simulating hereby natural conditions. As a tentative 
name, ‘*method of the embedded germ earriers’’ is suggested. 
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THE USE OF THE ALBINO RAT IN THE PREGNANCY 
HORMONE TEST* 


THoMAS L. Ramsey, M.D., ALFons P. FALKENSTEIN, M.D., 
AND EUGENE J. SUJKOWSKI, TOLEDO, OHIO 


HE original Aschheim-Zondek Test, in which five immature female mice, 

three to four weeks old, were utilized for the diagnosis of pregnaney was 
soon replaced by other tests to simplify the procedure. The best-known and 
most widely used modification at the present time is that of Friedman using 
rabbits. Most laboratories have become so accustomed to this modification that 
it is difficult to replace the use of rabbits with other test animals. 

The animals which give the most reliable results are the voung immature 
female albino rat or allied strains such as the black-white hooded rat, and the 
South African frog (Yenopus laevis). The method using the frog is rapid, but 
requires special attention and observation; also this special frog is difficult to 
obtain at the present time. 

Rats have been used for the pregnaney hormone test since 1929, Trivino 
cited by Eberson and Silverberg.'| In 1938, Walker and Walker? published an 
article in which they modified the test and reduced the time for observation 
and diagnosis to thirty hours. They injected 114 ¢.c. of urine three times dur- 
ing one day and autopsied the animals about thirty hours after the first injec- 
tion. Later Frank and Berman,* also Kelso,‘ published reports on a twenty- 
four-hour modification for the diagnosis of pregnancy. Kelso also modified his 
procedure ; this enabled him to read the results eight hours following the injee- 
tion of 5 ¢.c. of urine. Salmon and co-workers’ recently reported a modification 
reducing the time to six hours. All these authors report between 97 and 100 
per cent accurate results in their series of experiments. 

It is the purpose of this paper to demonstrate that this test in rats is only 
reliable if used with caution by experienced personnel and after allowing suffi- 
cient time to elapse between the injection and the autopsy. 

Changes Seen in the Rat Ovaries——Previous authors give detail deserip- 
tion of the appearance of the ovaries following injection of the urine in nega- 
tive and positive eases. In negative cases the ovaries do not respond to the 
injected urine and remain small and are cream-colored or pink (Fig. 14). Color- 
less follicles may be noted, but these are, according to some authors,® ® of no 
significance and are considered negative. A positive reaction is characterized 
by enlargement of the ovaries and marked hyperemia. The ovaries then show 


*From the Department of Pathology, St. Vincent’s Hospital. 
Received for publication, Jan. 19, 1944. 

_ Since sending in our paper for publication we have been trying out injecting the extract 
of the gonadotropic hormone in the urine obtained according to the method of Crew. The 
Seals of this method are given in an article published by Weisman and co-workers: The Frog 

est (Xenopus Laevis) as a Rapid Diagnostic Test for Pregnancy. 

Reference: Weisman, Abner I., Snyder, Arnold F., and Coates, Christopher W.: Am. 
J. Obst. & Gynec. 48: 135, 1942. 
™ We are not as yet ready to submit our results, but we feel that the use of the concen- 
rated hormone in the urine is of definite advantage. 
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a deep red color (Fig. 10). Occasionally hemorrhagic follicles are seen, but 
it is commonly agreed that this finding is not necessary to determine a_posi- 
tive reaction. Kelso believes that the development of hemorrhagie follicles 
is only an indication of a stronger reaction. According to Salmon and his ¢o- 
workers, so-called borderline reactions may oceur. Unfortunately this term is 
not clearly explained by the authors. We assume therefore that they think of 
a borderline reaction when there is a simple hyperemia of the ovaries, probably 
without enlargement. It is conceivable that such a reaction may cause confusion 
and lead to a misinterpretation of the results of the test. We have encountered 
indefinite reactions in our series of injections (Fig. 1B). This problem will 
therefore be discussed later in this paper. 


EXPERIMENTAL STUDIES AND RESULTS 

Our experimental study of 100 cases of suspected pregnaney was divided 
into two groups. Altogether 155 rats were injected. In the first group, two 
to five animals were given one injection each, with 4 ¢.c. of urine from the same 
specimen, and the results were read after two, four, six, eighteen, and twenty- 
four hours. In the second group the rats were given three injections of 2 ¢.c. 
of urine each, according to the method of Walker and Walker using only one 
animal per test. The results in the rats were observed before control tests using 
rabbits were performed. The ovaries of the rabbits were then inspected to as- 
sure definite orientation as to the reliability of the test in rats. The results are 
summarized in Chart 1. 

Discussion of Results. (Chart 1.)—The results in our series reveal several 
interesting facts. While the inspection of the ovaries six hours after injection 
of urine gave about 96.5 per cent reliable results, inspection two to four hours 
after injection gave unreliable readings in a large number of cases. These 
readings were mostly negative or indefinite reactions showing slight hyperemia 
but no definite enlargement. Some of the reactions were definitely positive, the 
ovaries being enlarged and presenting the typical deep red color. When rats 
injected with the same urine from the positive case were killed after six to 
eighteen hours, the results were positive in some of those which gave negative 
results after two to four hours. Some of the rats showing indefinite reactions 
after two to four hours were found later to be either positive or negative. Only 
the typical positive reactions found two to four hours after injection could al- 
ways be confirmed as positive after six hours. <All of the injections were con- 
firmed by injecting control rabbits. Cases in whieh there was disagreement 
between the results in rabbits and those in rats were analyzed concerning the 
clinical history. 

The second group of rats which received three injections of 2 ¢.e. of urine 
each and which were autopsied thirty hours after the first injection showed 
reliable results in all rats injected. This procedure seems to be the safest for 
the beginner until he has become familiar with the typical reactions. Of inter- 
st are those cases in which there was disagreement between the results in rats 
and in rabbits. In six cases rats showed positive ovaries while the reactions in 
the rabbits were negative. Investigation of the clinieal history in these cases 
revealed that we were dealing with cases of early pregnaney. From all six 
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cases a second specimen was obtained seven to ten days later. The control rab- 
bits then injected with these urines gave positive reactions. 

In seven cases the rats were negative, while the injected rabbits showed 
positive reactions. Checking these cases revealed that none of the women were 
pregnant. We were dealing therefore with false positive reactions in rabbits. 
It is generally believed that these false positive results in rabbits are due to 
improper segregation and overage of the animals; however, experience has shown 


that even with preliminary operative inspection of the ovaries, occasionally false 
reactions are observed. Especially interesting in this respect is the report of 
Davy and Sevringhaus,’ who encountered a relatively large margin of error 
when the mature female rabbit test was used. These authors point out all the 
conditions which may lead to false negative and false positive results and come 
to the conelusion that false positive results are rather rare when the immature 
female rat or rabbit is used and that false negative results are less frequently 


RESULTS OBTAINED 


AT ST. VINCENT'S HOSPITAL. TOLEDO, OX10. 


URINE SPECIMENS EXAMINED FOR SUSPECTED PREGNANCY 
USING RATS AND CHECKED BY RABBIT INJECTION 100 


URINE POSITIVE IN RATS AND RABBITS 
URINE NEGATIVE IN RATS AND RABBITS 


EXPLANATION OF DISAGREEMENT IN RESULTS 
EARLY PREGNANCY SIX CASES. RATS (+), RABBITS (-). 
THIS WAS CHECKED BY INJECTION OF RABBITS TWO WEEKS 
AFTER FIRST TEST. RABBIT THEN POSITIVE. 
FALSE POSITIVE RABBITS SEVEN CASES. RATS (-), RABBITS (+). 
THESE FALSE POSITIVE FINDINGS IN RABBITS DUE TO 
IMPROPER SEGREGATION OR OVER AGE OF RABBITS 
PURCHASED FROM UNRELIABLE DEALERS. 
COULD BE AVOIDED BY PRELIMINARY OPERATIVE 
INSPECTION OF RABBITS. 
RESULTS OBTAINED AS OBSERVED IN DIFFERENT TIME 
INTERVALS. 


RATS INJECTED. ISS 


14 AFTER 2 HOURS NO DIAGNOSIS POSSIBLE 

22 AFTER 4 HOURS NO DIAGNOSIS POSSIBLE 

28 AFTER 6 HOURS NO DIAGNOSIS POSSIBLE 

46 AFTER 18 1024 HOURS DIAGNOSIS POSSIBLE 
45 AFTER 36 HOURS DIAGNOSIS POSSIBLE 


Chart 1. 


seen in rats in cases of early pregnancy. Our results confirm the findings of 
these authors. We eannot emphasize strongly enough, however, that consider- 
able experience is necessary in reading the results of the tests in rats. An 
extremely safe technique must be applied, and in all doubtful cases the history 
should be analyzed and the test repeated. 

Occasionally indefinite reactions were encountered in the form of. slight 
hyperemia, but by keeping to the rule that positive reactions show a marked 
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hyperemia and enlargement and that the hyperemia is of a deep red color and 
that negative reactions do not show the marked hyperemia or enlargement, also 
by injecting another test animal whenever in doubt, seldom a diagnosis was made 
contrary to a control test in rabbits. We have kept to this routine in all addi- 
tional eases which we have observed subsequent to this primary study. In the 
later eases rabbits were not available for checking all our results, but we have 
encountered only an occasional difficulty. Checking the history in these few 
eases giving indefinite reactions, we obtain the impression that uncertain reac- 
tions may occur when fetal or maternal pathology is present. These instances 
are the exception rather than the rule, and in general the results obtained are 
satisfactory. We repeat the test whenever we are in doubt or whenever the 
slightest suggestion is made by the clinician that there might be some discrepancy 
between our findings and the clinical diagnosis. Injection of another animal after 
a few days as a rule gives definite orientation whether pregnaney exists or not. 


ADVANTAGES AND DISADVANTAGES 


The results just deseribed and analyzed confirm the opinion that the rat is 
a suitable animal to replace the rabbit and that errors in diagnosis are few. In 
addition, the test consumes less time (six to thirty hours). The cost of the ani- 
mal is much less. The rat can tolerate relatively more urine, and detoxification 
is not as essential. From our 155 rats only one animal (14 per cent) died fol- 
lowing injection, while from 100 rabbits three animals (3 per cent) died. The 
ereatest disadvantage is based on the fact that one must become familiar with 
the typical negative and the typical positive reaction. Caution must be taken 
that a slight hyperemia is not interpreted as a positive reaction. The age of 
the rats is limited to from twenty-two to forty days. Proper selection of the 
female animal for the test is necessary. Careful observation of the animals 
during the time of mating and breeding is essential, and correct records must be 
kept, when a rat colony is started. (Rat Record Sheet, Chart 2.) 


RECOMMENDATIONS FOR THE USE OF RATS IN THE PREGNANCY HORMONE TEST 


Realizing that it is extremely difficult to replace a well-established method 
with another less known procedure, but considering the seareity of rabbits in 
many areas of the country, we could not consider this paper to be complete 
without giving some suggestions concerning the technique, possible errors, and 
the source of the animals. 


1. Technique (Fig. 2).—The principal steps of the technique are shown in 
Figs. 2 and 3. These need no further explanations. Before injecting the 
animal, however, one should make certain that a female animal is injected. 
Fig. 3 shows the differentiation between the male and female animal. 


In regard to the injection of the urine, we usually give one injection of 
4c. and perform the autopsy at any time between six and eighteen hours, 
following the injection. In some cases we use a slight modification of Walker 
and Walker’s method using two injections of 2 ¢.c. of urine on one day and 
another injection of 2 ¢.c. the following morning. The animal is then autopsied 
six hours after the last injection. This procedure, however, requires more time, 
and if one is desirous of an early diagnosis, the one injection method using 
4¢.c. is satisfactory. 
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As a rule we use one animal for each test. When uncertain reactions occur, 
the test is repeated. In any case we consider one injection of 2 ¢.e. of urine 
not sufficient to be reliable. 

2. Sources of Errors—Unreliable results are mostly due to negligence in 
performing the test and to improper reading of the results in the ovaries. 
These mistakes can be prevented. False negative or positive reactions due to 
pathologic conditions in the pregnant or nonpregnant women cannot be pre- 
vented, but an analysis of the clinieal histories in these cases somewhat elimi- 
nates a wrong conclusion. In order to eliminate preventable errors as much 
as possible, the sources of these errors are discussed here briefly : 


RAT CAGE - RECORD SHEET 


ST. VINCENT'S HOSPITAL TOLEDO 7, OHIO 


SMALL RAT COLONY 















































REMARKS: 


DIETARY REQUIRE MENTS: 


Chart 2. 


A. The Urine.—The specimen should not be obtained too early after ‘he 
menstruation period failed to appear. The specific gravity should be above 
1010. The reaction should be neutral or slightly acid; if alkaline, it should 
be acidified with a few drops of a 50 per cent acetie acid solution. The speci- 
men should be clear and free of albumen. Specimens with heavy bacterial 
contamination or foul odor should be rejected. One should insist on obtaining 
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a fresh morning urine. Fluids should be restricted after 8 p.m. the night before 
the urine is obtained. According to Davy and Nason,* borie acid is the best 
preservative if the specimen cannot be kept in the icebox until used. 

B. Points Concerning the Use of the Animals.—The rats used for the test 
must be properly selected. The weight of the animal should be between 35 
and 40 grams, the age between 22 and 40 days. We have used rats up to 45 
days of age with reliable results. Rats older than 45 days and younger than 
22 days should not be used. Animals derived from a large litter are usually 
underdeveloped. Sueh animals should not be used at the age of 22 days, but 
ean be used if about 30 days old, provided that their nutritional status then 
is good. If underdeveloped animals are used, their ovaries might be refractory 
for a satisfactory response. The question of proper nutrition is of great im- 
portance for raising of a good fitter. The test animals must be kept away 
from the male animals. Noise and excitement should be avoided as well as 
misplaeing the animals. 

C. The Autopsy (Fig. 3).—The autopsy should not be performed too 
early after injection for the reasons outlined previously. The ovaries must be 
inspected immediately after the rat is killed. Chloroforming of the animal 
and inspection of the ovaries should be a coherent step in the procedure, not 
taking longer than four to five minutes. If this is not done, the most impor- 
tant sign of a positive reaction, hyperemia, may disappear quickly, and a false 
negative interpretation may be made. 

D. Reading of the Ovaries—The appearance of the ovaries in negative, 
positive, or indefinite reactions has been discussed previously. It is absolutely 
necessary to become familiar with these reactions. Typieal negative and typical 
positive reactions are so distinet there should be no difficulty in diagnosis. 
Indefinite reactions, however, are difficult to interpret and may be responsible 
for a false diagnosis. In such eases it is best to inject another animal. The 
appearance of colorless follicles without hyperemia or enlargement should be 
considered a negative reaction. 

3. Source of Rats for the Test.—The animals ean be obtained from com- 
mercial dealers or can be raised in a rat colony. A very useful book on this 
subject is that by Main.® Sufficient space, clean quarters and cages, and a 
vitamin rich diet are necessary. Interbreeding of new strains of rats should 
take place at certain intervals. The greatest difficulty in keeping up the rat 
colony is the proper timing of matings, because of the difference among the 


animals in their physiology of pregnancy. Another difficulty is the instability 
of the number of males and females in one litter. We, therefore, buy some 
rats from a reliable dealer whenever it is necessary. 


SUMMARY 


The advantages and disadvantages of the pregnancy hormone test in rats 
are discussed, and it is pointed out that many technical errors may be en- 
countered. Further studies are needed to make this test 100 per cent reliable. 
Conecntration of the urine specimens may be an aid in the solution of some 
of our difficulties; however, we feel that this test ean be used at the present 
time and particularly so because of the difficulty in obtaining rabbits. With 
the preeautions applied as described, we firmly believe that the test using rats, 
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is not less reliable than when performed using rabbits. Our study shows errors 
may be encountered, but they may also be encountered when rabbits are used. 
We feel that the enthusiasm of previous authors in regard to the substitution 
of rats for rabbits in this test is somewhat justified. 
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CHEMICAL 


A MICROMETHOD FOR THE DETERMINATION OF ETHYL 
ALCOHOL IN BLOOD* 


WittiAmM D. McNatiy, M.D., AND Harotp M. CoLeMAN, PuH.D., Cuicaco, Itt. 


ECAUSE of the need for a rapid and yet accurate method of determining 

ethyl alcohol in blood taken from hospital patients for diagnostic purposes 
and from the deceased for medicolegal evidence, a micromethod with which two 
determinations may be run simultaneously has been devised and experimentally 
found to be highly satisfactory. Its merit lies largely in the fact that the 
method is valid over approximately twice the range of blood aleohol concen- 
trations as is determinable by previous methods. The necessity of the exten- 
sion of this range becomes apparent from our experience that in both living 
and dead individuals with a clear acute aleoholie history blood aleohol concen- 
trations have attained 0.7 per cent. All the previous methods cited below fail 
to exhibit evidence that their blood alcohol concentrations are valid above 0.4 
per cent for a given blood analysis sample. 

In addition, the method described in this paper uses solutions which are 
stable indefinitely, requires but a few drops of blood (0.1 ¢.c.), and involves a 
simplified method of obtaining the final per cent of aleohol. However, no claim 
is made for the specificity of the method, inasmuch as the analysis of blood 
taken from aleoholie individuals given paraldehyde as a sedative proved to be 
absurdly high. Usually this difficulty is removed by the withdrawal of the 
blood sample prior to medication. 

Widmark' in 1922 appears to have been the first to reduce the determina- 
tion of ethyl alcohol in blood to micro dimensions. Many papers modifying the 
Widmark method followed, among the more important of which were the works 
of Aoki,? Galamini and Braealoni,’? Koller,t Kaiser and Wetzel,’ Heiduschka and 
Flotow,® Holzer,’ Kanitz,’ Soltau,® Mayer,’® Cavett,!’ Stempel,’? du Pan,'* and 
Winnick."* 

Other methods were developed, some entirely new in principle, others, 
micromodifications of former macromethods. These were investigations by 
Hiramatsu,” Abels,’*® Levine and Bodansky,'* Shapiro,’® Heiduschka and Steul- 
mann,'® Liebesny,?? Anderson,?! Decker,?? Nicloux,?* Johnston and Gibson,”* 
Fish and Nelson,2* Newman and Abramson,”° Kozelka and Hine,?? Goubau,”* 
and Thivolle and Sonntag.?° 


REAGENTS 


1. Sodium tungstate (NazW0O,4) solution 
10 per cent aqueous solution ) 


—_ 


*From the Cook County Coroner’s Chemical Laboratory. 
Received for publication, Oct. 30, 1943. 
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Mercuric¢ sulfate solution 

50 Gm. of mereuric sulfate ( HgSO,) and 28 ¢.c. of concentrated sulfuric acid 
are diluted to 500 ¢.c. 

Potassium iodide solution 

40 Gm. of potassium iodide (XI) per liter. 

Potassium dichromate solution 

8.3903 Gm. of potassium dichromate (K2CreO;, Mallinckrodt, Analytica! 
Reagent Grade)* is diluted to 2000 ¢.c. of solution (0.08555 N. as oxidizing 
agent with respect to ethyl alcohol.) 

Sodium thiosulfate solution. 

Approximately 4.7 Gm. of sodium thiosulfate (NaS203.5H20), 1.0 Gin. 
sodium hydroxide, and 0.5 Gm. benzoic acid are diluted to 1 liter of solution. 
This solution is filtered prior to use. 

Starch solution 

2 Gm. soluble starch per liter of water. 

This solution is preserved indefinitely if kept in refrigerator when not in use. 


PROCEDURE 


A 0.1 ¢.¢. Normax pipette (to contain 0.1 ¢.e.), after having been cleansed 
with dichromic-sulfurice acid solution and washed several times with distilled 
water, is rinsed twice with the homogenous blood to be analyzed. The blood 
is then drawn up about 5 mm. bevond the mark, and then cautiously lowered to 


the mark by the application of a piece of cloth to the end of the pipette which 


removes the blood by blotting action. 

The pipette containing the blood is then transferred to the distillation flask, 
care being exercised to prevent any blood from touching the sides of the flask. 
The pipette is then washed three times with distilled water (both inside and 
out). One e.c. each of the sodium tungstate and mereurie sulfate-sulfurie acid 
solutions are added and the flask sides then rinsed with distilled water. 

The distilling heads connecting the distilling flasks and the condensers are 
then put into place. (See Fig. 1.) 

The distillate receiving flasks are 50 ¢.c. Erlenmeyers to whieh had been 
added 1.000 ¢.e. of standard dichromate solution from a 1 ¢.c. microburette and 
4 c.c. of chemically pure grade concentrated sulfurie acid (Mallinckrodt) ce- 
livered from a 5 ¢.c. microburette.t These, after being cooled, are placed in 
such position that the condenser tip is approximately 2 em. above the dichromate 
solution. These mixtures, if kept in the sunlight, must be used within a lew 
hours, inasmuch as the sulfurie acid contains an impurity, perhaps disso! ved 
sulfur dioxide, which reduces the dichromie acid in the acid mixtures at roo 
temperature to the extent corresponding to approximately 0.003 per cent ely 
aleohol per hour. Further experiments showed that the rate of reductio1 
the dichromie acid in complete darkness was found to correspond to 0.0005 } 
cent aleohol per hour. This phenomenon is not new, having been obs: 


*Potassium dichromate crystals were pulverized, oven-heated at 110° C. for s 
hours, and then vacuum-dried over phosphorus pentoxide prior to use. 

+Both the 1 c.c. burette (for dichromate) and the 5 c.c. burette (for the sodium. 
— were Koch-type microburettes obtainable from the Scientific Glass Company, P 
field, N. J. 
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° Tf not used immediately, these solutions should be placed in the 


previously.* 
dark where the dichromate reduction is negligible over a 24-hour period. 

The steam flask, not yet connected to the distillation flasks beyond the T 
tubes, is then heated, and the developed steam is permitted to wash out the air 
in the entire steam system, the steam of course, escaping beyond the T tubes 
into the air. The steam-generating system is then connected with the distilling 
flasks (if one blood sample is analysed, one of the serew clamps is adjusted to 
close the lumen of the rubber tubing), and after steam is permitted to flow out 
of the vertical portion of the T tubing for several seconds, this flow is stopped 
hy closure of the pinch clamps. 





———— 6 ——___+ 
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AbAME 24 BELOW 
BOTTOM OF FLASK 








Fig. 1. 


The flame is adjusted to permit the rate of distillation to be such that 
about 70 drops of distillate are formed, or the 8.5 ¢.c. mark is reached in approxi- 
mately five minutes after which the pinch clamps on the T rubber tubing are 
opened and the flame removed. This volume should not be exceeded as all the 
aleohol will have been distilled over into the dichromie acid mixture when this 
Volui ie will have been reached, and any further distillation unnecessarily dilutes 
the «leohol-dichromie acid mixture leading to incomplete reaction with a result- 
ing low aleohol value. 

‘he flasks are covered with inverted 30 ¢.c. Erlenmeyers and the contents 
mixe:i well by a rotary movement. Each, after the inverted flask is removed, is 
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then placed in the steam bath* for twenty minutes, after which time they are 
withdrawn and cooled under the water tap. One ¢.c. of the potassium iodide 
solution is pipetted into the contents of the flask which is then mixed well by 
vigorous rotation of the flask. About 2 ¢.¢. of distilled water are then added, 
and the contents are titrated with standard sodium thiosulfate solution, the 
flask being rotated vigorously during the titration. When the solution becomes 
a faint yellow in color, 4 drops of starch solution are added, and, after the con- 
tents are mixed, the titration is completed to a green-tinted almost colorless end 
point, the final drops being fractionated on the tip of the burette. 

Blank mixtures containing 1 ¢.c. of the standard dichromate and 4 ¢.e. of 
the concentrated sulfurie acid are oceasionally subjected to the procedure 
(heated on steam bath, ete.) in order to check both the reagents and the blank 
titer, the latter being necessary for the construction of the graph from which 
the per cent aleohol is read. 

CALCULATION 
If: 

B = Titer of blank in ¢.c. of sodium thiosulfate 

T = Titer of reduced acid dichromate mixture (by blood distillate) in ¢.c. 
of sodium thiosulfate 

Nx = Normality of potassium dichromate solution 

Nk 


N, = Normality of sodium thiosulfate solution — RB 


P = Per cent ethyl aleohol in blood sample by weight 
And if: 

1.050 Gm. per ¢.e. is assumed to be the average density of blood, and ethy! 
aleohol is oxidized under the procedure conditions to acetie acid (i.e., 4 electrons 
are lost per molecule of ethyl alcohol), 


Then: 


46 (B — T) (N,) (100) 
4 (1000) (0.105) 


P = 





This reduces to: 
Pa -T) (N,) 
= 42 +) 


Substituting: 


Ni 
oe 3 
B 


And letting: 


(4) ny =e 


Then: 
eat gt) —o( 1-5) 


*The steam bath consisted of an iron dish in which several 250 c.c. beakers were pla — 
Both the dish and the beakers were half filled with distilled water, and the whole dish bei 
heated with a flame until the boiling point of water was reached. Each beaker conven! aad 
accommodated one Erlenmeyer flask with no danger of tipping, and thus several flasks coul 
be heated on the steam bath simultaneously. 
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P = = (1) -¢ 


This is an equation of a straight line with slope = -(8 and with a 


T — axis intercept of B and with a 
P — axis intercept of C 
Henee, if, on a large graph paper, the two axis intercepts are plotted as in 
Fig. 2, and a straight line drawn through them as indicated, then the per cent 
blood aleohol by weight can be obtained quickly for any sodium thiosulfate 
titer by the use of a celluloid right triangle as diagrammed. The accuracy of 
the method for varying amounts of ethyl aleohol is shown in Table I. 
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TABLE I 


COMPARISON OF EXPERIMENTALLY DETERMINED AND TRUE PER CENT ALCOHOL BY WEIGHT 
IN HUMAN BLoopD As OBTAINED BY MICROMETHOD 








TRUE VALUE* 


FOUND 


FOUND 


FOUND 





Bank Blood 


0.002 


0.002 


0.005 


0.12 
0.23 
0.35 
0.46 
0.59 


0.15 
0.23 
0.37 
0.47 
0.61 


0.14 0.13 
0.25 25 
0.36 0.36 
0.45 0.45 
0.60 0.60 
0.74 0.72 0.72 0.73 
0.88 0.86 0.88 0.86 


*Absolute alcohol (prepared by the distillation of commercial absolute alcohol after it 
had been treated with sodium amalgam) of appropriate order of weight was added to approxi- 
mately 10 c.c. of blood in glass-stoppered weighing bottles. Weighing by difference led to the 
known weights of alcohol and blood from which the per cent alcohol by weight was calculated. 
These mixtures were well shaken before their analysis. 














SUMMARY 


1, A micromethod is described in which the aleohol concentration in bloods con- 
taining up to 0.88 per cent alcohol can be determined within an average of 
) per cent error. This range is approximately twice that determinable by any 
previous micromethod from a given blood sample. 
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The method requires only a few drops of blood (0.1 ¢.¢e.) which a finger or 


ear prick could provide, venous puncture being unnecessary. 

The method involves the use of reagents which are stable indefinitely. 

A simplified caleulation is derived and described, minimizing the possibility 
of arithmetical error and permitting the final per cent aleohol to be ob- 
tained quickly. 

The method is not time-consuming, permitting the analysis of two blood 
samples simultaneously in about thirty-five minutes. 
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THE ADAPTATION OF THE DIRECT BIURET METHOD FOR THE 
DETERMINATION OF SERUM PROTEINS TO BOX 
COMPARATOR COLORIMETRY* 


Capt. GEORGE R. Kinasuey, SN.C., A. U.S. 
AC photoelectric colorimeters are nonstandard army hospital field equipment, 

and a Duboseq type colorimeter is impracticable for portable field kits, the 
direct biuret method! for the determination of serum proteins was adapted to 
the box comparator type of colorimetry. The box comparator was made from 
a 2 by 4 inch length of soft pine wood. Holes were bored for seven pairs of 
1614 x 150 mm. matched Pyrex tubes for racking, and tor matching three single 
holes with 14x 35 mm. centered upright intersecting apertures cut through the 
sides of the block. A thin glass green light filter with maximum transmission at 
540 my should be used if available. A thin frosted piece of glass or paraffin oiled 
sheet of thin copy paper may be attached over the apertures to the side of 
the box. Fairly good matching of the color tubes was obtained in a good north 
light without light filters. 

REAGENTS 

Biuret Reagent (T.P.) for Total Protein —To 500 e¢.c. of 14 per cent sodium 
hydroxide (‘‘carbonate free’’) in a Pyrex bottle or flask, add 100 ¢.c¢. of 1 per 
cent copper sulfate (CuSO,.5H,O) solution and mix. Protect from dust and 
other contaminants. A rubber stopper may be used. 

Biuret Reagent (ALB) for Albumin.—To 300 ©. of 23 per cent sodium 
hydroxide (‘‘carbonate free’’) in a Pyrex bottle or flask, add 100 ¢.e. of 1 per 
cent copper sulfate solution and mix. 

Ether.—U.S.P. grade is satisfactory. 

Sodium Chloride.—0.9 per cent. 

Sodium Sulfate.—23 per cent. 

Standard Serum (for Calibration).—Obtain 5 to 10 e.c. of a single or mixed 
specimen of normal serum free from cells and hemolysis. Determine the pro- 
tein concentration in duplicate samples by the macro- or micro-Kjeldah| method. 


PREPARATION OF STANDARD BIURET TUBES FOR MATCHING IN BOX COMPARATOR 


Preparation of Biuret Stock Standard.—Prepare an 8.4 per cent stock 
standard by adding 5 c.ec. of the standardized serum to X 
per cent T.P. of serum x 300 
( 8.4 
e.c. of biuret reagent (T.P.). 

Shake vigorously the stock standard with 50 ¢.c. of ether for five minutes 
and let stand forty-eight hours in a glass-stoppered cylinder. Carefully pipe'te 
off the solution to be used for standard from beneath the ether layer and ayoid 
mixing the small amount of lipoidal precipitate which forms between the water 
and ether layers. 
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Preparation of Standard Color Comparison Tubes From Stock Standard.— 
Prepare standard tubes from 8.4 to 3.2 per cent at intervals of 0.4 per cent 
(Table I). 

For Example: to prepare an 8.0 per cent standard: 

80 x 6.0 = 6.3. 6.3 - 6.0 — 0.3 «ec. of biuret reagent (T.P.) te be added 
to 6 ee. of stock standard to prepare an 8.0 per cent standard tube. Uniform 
matched Pyrex test tubes should be used for protein determinations and stand- 
ard tubes. Tubes should be stoppered tightly with paraffin-coated corks or 
rubber stoppers. 

TABLE I 


VOLUME OF REAGENTS FOR PREPARATION OF STANDARD TUBES 








PROTEIN STANDARD c.C. OF 8.4 PER CENT OF STOCK c¢.C. OF BIURET REAGENT 
PER CENT STANDARD (T.P.) 
8.4 10 0.0 
8.0 9 0.45 
7.6 9 0.96 
7.2 9 1.50 
6.8 9 3.0 
6.4 9 2.81 
6.0 9 5.60 
5.6 6 3.00 
5.2 6 3.70 
4.8 6 4.50 
4.4 6 5.40 
4.0 6 6.60 
3.6 4 5.33 
3.2 4 6,50 














METHOD 


Total Protein.—To exactly 6 ¢.c. of biuret reagent (T.P.) in a standard 


colorimeter tube, add 0.1 ¢.c. of fresh serum (free from cells and hemolysis) 
with a micropipette, after wiping the outside of the pipette. Rinse the pipette 
three or more times with the biuret reagent. Add 2 ¢.¢. of ether, stopper, shake 
vigorously for approximately ten seconds, remove the stopper, and immediately 
centrifuge at about 2,500 revolutions per minute for five minutes. Read against 
standard tubes in the box comparator within five minutes after centrifuging. 


If the serum is clear and contains only traces of hemoglobin and no more 
than normal concentrations of other pigments, fairly accurate results are ob- 
tained without ether extraction and centrifugation if readings are made five 
minutes after the development of the biuret color. When ether is not used, 
carefully mix the solutions by inverting; avoid shaking. 

Albumin.2—Add 0.5 ¢.¢c. of serum to 7.5 ¢.¢c. of 23 per cent sodium sulfate 
in a test tube (18 by 120 mm.) and mix thoroughly by twirling. Add about 
3 cc. of ether, rubber stopper, and shake vigorously for twenty to thirty see- 
onds. Unstopper the tube and centrifuge five to ten minutes at about 
2.500 rp.m., or until globulin precipitate separates if hand centrifuge is 
used. After centrifugation, slant the tube so that the tightly packed globulin 
precipitate separates from the walls of the tube. Insert a pipette through the 
ether layer, preferably along the lower wall, withdraw 2 ¢.c. of the albumin 
solution, add to 4 ¢«.. of the biuret reagent (ALB) in a standard colorimeter 
tube. and mix immediately. Then add 2 ¢.c. of ether and proceed as in the 
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biuret method for total protein. Under certain conditions the use of ether may 
be omitted as stated above. To caleulate the amount of albumin present, deter- 
mine the protein equivalent of the standard tube to which it is matehed and 
multiply by 0.784. 


Globulin.—Total protein minus albumin equals globulin. 


DISCUSSION 


Different observers were able to obtain readings which checked within a 
range ot 0.0 to 0.3 per cent protein. However, individuals who may be partially 
color-blind to pink and purple colors should not use this method. The method 
has been used satisfactorily for the past ten months. The standards were stable 
for about six months if kept in the dark at room temperature. However, it is 
believed that refrigerated standards may keep even longer. 


SUMMARY 


An adaptation of the direet biuret method for the determination of serum 
proteins to box comparator colorimetry has been described. The method has been 
satisfactory as a substitute for more elaborate equipment. 
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ON THE OCCURRENCE OF ARSENIC IN HUMAN HAIR AND ITS 
MEDICOLEGAL SIGNIFICANCE* 


Ky. GorDON YounG, Pu.D., F.R.S.C., ann F. A. H. Rice, B.Sc. 
Hauirax, N. S. 


HE keratin tissues in chronie arsenical poisoning are of special importance 


from a medicolegal point of view, because they appear to fix and concentrate 
arsenie from the systemie cireulation.!. Thus hair and nails have been fre- 
quently analysed posthumously as a means of detecting arsenic administered 
with homicidal intent.2 It is therefore of great importance to establish the 
concentration of arsenic present in normal human hair. This has been done by 
several investigators using various techniques with very different results as 
reviewed by Wiihrer. One to 3 mg. per 100 Gm. of hair is the usual concentra- 
tion of arsenic in acute and chronice poisoning, but it may be as low as 0.1 mg. 
Althausen and Gunther* record two analyses: 0.08 and 0.16 mg. for normal hair 
of known history. Wiihrer* carried out thirty analyses on hair from barber 
shops in Berlin, the great majority of which were between 0.015 and 0.38 me. 

Several other investigators have published figures of this order of mag- 
nitude. The results of Myers and Cornwall’ are much more variable, ranging 
from 0.00 to 10.6 mg. It therefore appeared to us as a question for further in- 
vestigation, with the primary object of devising a standard procedure for treat- 
ing the hair prior to analysis. Our initial conception was that of arsenic from 
the blood being deposited as a keratin complex in the hair follicle and extending 
along the shaft with growth. In addition, we pictured the contamination of 
the hair with arsenical compounds from external sources sueh as dust or 
pomades. Our experiments have been designed to remove ‘‘external’’ arsenic 
by suitable solvents from the ‘‘internal’’ arsenic-keratin complex and thus to 
arrive at a true normal figure for hair representing the ingestion of arsenie in 
food or its inhalation. 

EXPERIMENTAL 


Methods.—Arsenie was determined by the micro-Gutzeit apparatus® using 
Hanford-Pratt strips impregnated with 2 per cent alcoholic mercuric bromide 
for amounts below 0.02 mg. AsO, and 4 per cent for higher values. The zine 
(granular, 20 to 30 mesh) and hydrochloric acid were the special grades for 
this purpose. The determinations were carried out in a water bath at 30° + 1° C. 
Washed sand was used instead of the usual roll of absorbent cotton following 
the directions of Jacobs.’ Twenty per cent lead acetate was added, and com- 
pressed air was passed through the tube for about thirty seconds. Before each 
determination, the tube to contain the indicator strip was washed with eon- 
centrated HNO,, rinsed with water, and dried. <A standard series of stains 
from 1 to 20 pg. in strips of 1 »g. was prepared, using a solution of resublimed 
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AsO, (Merck reagent). The standard at 0.5 pe. gave a very slight stain, 
Blank controls were negative eompared with the weakest standard, For values 
above 20 pe., an interval of 0.2 wg. was used for the standards. The length of 
stain on both sides of the paper was measured, averaged, and compared with a 
curve plotted from the standards. 

We have also used successfully the modification of the Gutzeit method with 
No. 24 cabled cotton thread instead of paper strips for the lowest arsenie¢ values.* 

Organic matter was removed, either by ‘‘dry’’ ashing with magnesium 
nitrate according to the Strzyzowski procedure’ or ‘wet’? ashing with con- 
centrated nitric and sulfurie acids and 30 per cent hydrogen peroxide.'" Most 
of the determinations were done by the former method. In this, 5 ¢.¢. of satu- 
rated Me(NO,), were used to about 4 Gm. of hair, in a siliea erucible, adding 
enough distilled water to ensure complete wetting. After complete ignition, 
enough water was added to make a thick paste and then concentrated HCl to 
about pH 6 by alk-acid paper. Three ¢.c. of concentrated HCl were then added, 
and the solution was washed into the apparatus with 25 ¢.e¢. of water. 

In **wet’’ ashing, 15 ¢.¢. each of concentrated HNO, and H.SO, were added 
to 4 Gm. of hair in a 250 ¢.e. Kjeldahl flask and heated to boiling. Concentrated 
HNO, was added dropwise from a funnel until the solution was nearly colorless, 
requiring about 50 ¢.c. in one-half to one hour. After evaporation to about 5 ¢.c., 
3 ¢.c. of 30 per cent H,O, were added, and evaporation continued to about 3 cc. 
The solution was then made up in a small graduate evlinder to 4 ¢.¢. with con- 
centrated H,SO,, and the contents of both flask and graduate were washed into 
the Gutzeit apparatus with 25 ¢.c. of water. This method gave results that were 
5 to 10 per cent higher than the Strzvzowski procedure. 

Extraction With Solvents——Several large specimens of human female hair 
of known history were used in the following experiments: One specimen was 
extracted with distilled water for forty-one hours, and 8 Gm. samples were taken 
at intervals for analysis. Forty-seven per cent of the original arsenie present 
was removed in twelve hours, and it was not increased by more prolonged ex- 
traction. Further decreases in the original concentration in the hair were ef- 
fected with 0.1 per cent NaOH, 0.2 per cent Na,CO,, and 0.1 per cent HCL for 
twelve hours each at 20° C. The results on two specimens of hair are shown 
in Table I. 

A decrease comparable to that obtained with NaOH was brought about by 
extraction of the hair with ethanol or diethyl] ether for eight hours. Combining 
the two procedures gave a further decrease, as shown by Sample 3 in Table L 
By way of increasing the speed of extraction, this was carried cut under reflux 
for two hours at 100° and compared with the effect of sixteen hours at 20°. The 
whole procedure as shown in Table II consisted of initial extraction with alcohol 
in a Soxhlet apparatus for eight hours, followed by treatment of this material 
as separate samples with HCl or NaOH or both at 20° and at 100° as indicated. 
Longer extraction than two hours with HCI and NaOH at 100° did not appreci- 
ably decrease the concentration of arsenic. During this period, however, t/ere 
was an appreciable reduction in free acid and base, 0.1 per cent NaOH becoming 
0.04 per cent and 0.1 per cent HCl becoming 0.06 per cent in two hours; this 
was due to combination with the protein of the hair. 
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It would thus seem that about 80 to 90 per cent of the arsenic normally 
present in hair can be removed without destroying the structure of the hair. 
The remaining 10 to 20 per cent appears to be fixed in such a manner as to sug- 
vest possible internal deposition corresponding to the conception of ‘‘normal’’ 
arsenic. Using the above method of hot extraction with ethanel, NaOH and 
HCl, determinations have been carried out on several samples of hair of known 
history carefully collected. The untreated specimens varied from 0.09 to 0.48 
mg. per 100 Gm. dry hair, and the treated from 0.02 to 0.05 mg. as shown in 
Table III. The latter values agree well with those recorded in the literature for 
the most part. They tend to support our conception of ‘‘internal’’ and ‘‘ex- 
ternal’’ arsenic in hair. 

TABLE | 


EFFECTS OF AQUEOUS SOLVENTS 








> 


SAMPLE 1 SAMPLE 2 SAMPLE 3 
ASO, DECREASE AS20, DECREASE AS,03 DECREASE 
mg. % mg. mg. % 
Untreated 0.30 bs 0.37 0.32 = 
H,O 0.16 47 9.23 
HCl (0.1%) 0.11 
NaOH (0.1%) 0.09 0.044 8 0.09 
Na,CO,; (0.2%) 0.08 74 0.05 
Ether 0.06 
Ethanol 0.04 





TREATMENT 





























TABLE IT 


Errect OF ALCOHOLIC AND AQUEOUS EXTRACTION AT 20° AND 100° 








EXTRACTION AT 20° EXTRACTION AT 100° 
SOLVENTS SGREE OF SGREE OF 
LVENTS AS,0, ah REE OF ASO, DEGREE OF 
Zi. EXTRACTION is EXTRACTION 
mg./100 Gm, % mg./100 Gm. op 
Untreated 1.60 - 1.60 = 
Alcohol 4 Zo 1.23 93 
Alcohol + HC! 1.10 3 0.93 44 
Alcohol + NaOH 0.64 60 0.23 86 
Aleohol + HCl + NaOH 0.29 82 0.13 Q” 























TABLE ITI 


CONCENTRATION OF As,O, IN NORMAL HAIR BEFORE AND AFTER EXTRACTION 








SAMPLE AS.O, (MG/100 GM.) 
WEIGHT INITIAL FINAL 





vA 





— 


Oo Clem cot 
TCS He OS ie Co 


0.33 0.051 
0.12 0.032 
0.09 0.023 
0.24 0.035 
0.48 0.041 
0.13 0.025 


2 








rs) 5 








Hxperiments With Guinea Pigs.—To test this hypothesis, it was necessary 
to try the method of treatment on hair of known arsenic content established 


by internal deposition. Four guinea pigs were treated such that two were in- 
Jected daily subeutaneously with 0.75 ¢.c. of a sodium arsenite solution (1 mg. 
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AsO. per ¢.¢c.), and two served as controls. The first animal died after receiv- 
ing 6.5 mg. As,O., and the second after 9.5 mg. About 15 Gm. of hair were 
clipped from each animal. Approximately 3 Gm. were used in each determina- 
tion, extracting for eight hours with 95 per cent ethanol and refluxing in a 
steam bath for two hours each with 0.1 per cent NaOH and 0.1 per cent HCl. 
The results are given in Table IV. 

This result indicates that arsenie appearing in hair from the systemie cireu- 
lation is not irreversibly fixed and is capable of being extracted in the course of 
removing arsenie acquired by external contamination. Using the less drastic 
procedure of extracting with 0.5 per cent Na.CO, in place of 0.1 per cent NaOH 
gave essentially the same result. An analysis of the fluids obtained in the ex- 
traction of the hair from guinea pig 4 showed that the aleohol had removed 11 
per cent, the NaOH 75 per cent, the HCl 7 per cent, and 7 per cent remained 
in the hair. 

TABLE IV 


EXTRACTION OF GUINEA Pic HatkR AFTER SUBCUTANEOUS ADMINISTRATION OF ARSENIC 


“ASO, CONTENT ry 


l 
ANIMAI ase SS EXTRACTION 


UNTREATED TREATED 
mg. | mg. per cent 
1 Control 0.03 0.93 0 
2 Control 0.05 0.03 | 0 
3 Injected 1.06 | 0.07 | 4 
4 Injected 1.50 0.10 g? 





One of the control guinea pigs was next injected on two successive days with 
0.75 mg. of AsO, as sodium arsenite and then clipped. The value of arsenic 
in the hair rose from 0.03 to 0.1 mg. per 100 Gm. We consider this a significant 
experiment in that it demonstrates the very rapid appearance of arsenic in hair 
from a systemic origin. It could not possibly reach the hair shaft by fixation 
as an insoluble keratin complex laid down in the follicle. It must have reached 
its location by secretion from sebaceous or sweat glands and by adsorption or 
absorption from fluid bathing the shaft. We have repeated this experiment on 
two additional guinea pigs determining the arsenie content of the hair on the 
same animal both before and after injecting the arsenite. The arsenie content 
rose from 0.11 to 0.16 mg. per 100 Gm. of hair. It is thus necessary to conceive 
of two sources of arsenic in hair: (1) a small percentage as fixed in the follicle 
and appearing in the shaft with growth, and (2) a large percentage appearing 
on or in the shaft from secretions of sweat or sebaceous glands. Our evidence 
does not at present permit differentiation of these sources. 

Adsorption Experiments.—The problem was next approached by attempting 
to determine the extent of the removal by various solvents of arsenie applied 
externally to hair. Smith and Hendry" have claimed that only 40 per cent 
of such arsenic could be removed after soaking in water for fifteen days. 

Adsorption and Elution of Sodium Arsenite.—- 

Experiment 1.—13.8 Gm. of hair were extracted for five hours with alcohol 
in a Soxhlet apparatus. It was then placed in 200 ¢.c. sodium arsenite, equiva- 
lent to 0.002 per cent As,O,. One ¢.c. or more of the solution was remove: at 
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intervals, and the arsenie concentration was determined. The results are shown 
in Fig. 1. The hair extracted all of the arsenie in seventeen days. The pH of 
the solution changed from 8.5 to 5.4. The initial concentration in this specimen 
of hair was 0.034 mg. As,O,/100 Gm., and the final 29.0 me. 

In an attempt to remove this ‘‘adsorbed’’ arsenic, the specimen of hair was 
soaked in 900 ¢.c. of water for twenty-four hours, filtered on a Buchner funnel, 
and washed with 100 ¢.¢. of water. The combined filtrates were concentrated 
to 100 ¢@.., and the arsenic concentration was determined. This showed a loss 
of only 7 per cent of its arsenic content. 

The specimen was divided into two portions, A and B. A (6.4 Gm.) was 
placed in 200 ¢.c. of water at pH 5.9 and soaked for twelve days with periodic 
determinations of the arsenic content of the medium. The As.O, content of the 
hair fell from 0.29 mg./Gm. to 0.10 mg./Gm. in eight davs and remained con- 
stant thereafter. This represents a loss of 66 per cent for this operation. Re- 
fluxing with 1 per cent formie acid in ethanol for fifteen hours removed an ad- 
ditional 2 per cent. 





25 











Days 


Fig. 1.—Rate of removal of arsenic from a solution of sodium arsenite (20 wg. per 100 c.c.) 
by human hair. 

B (6.1 Gm.) was allowed to remain in water for sixteen hours; this de- 
creased the As,O, content from 0.27 mg./Gm. to 0.28 mg./Gm. of hair. The 
specimen was then divided into two portions, B' and B,? and extracted as shown 
in Table V. The results are expressed as the percentage decrease of the initial 
value for the particular procedure used. Alcoholic acetic acid (1 per cent) and 
aqueous hydrogen peroxide (3 per cent) were the only effective reagents. 

Experiment 2.—After alcoholic extraction, another specimen of hair weigh- 
ing 13.94 Gm. was soaked in sodium arsenite solution containing the equivalent 
of 1.0 mg. As,O, per 100 ¢.ec. The hair contained originally 0.14 mg./100 Gm. 
and it absorbed arsenic from solution for fifteen days until the medium was 
00 per cent of its initial concentration. This specimen was dried and used in 
the preparation of kerateine. 

Another aleohol-extracted sample of hair weighing 14.23 Gm. was placed 
in 250 ee. of sodium arsenite solution containing 0.02 mg. As,O, per ¢.c. Most 
of the arsenic had been removed from solution in twenty days. The H ion econ- 
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centration of the solution was kept between pH 5.3 and 5.6. When no further 
arsenic was removed from solution, NaOH was added to pH 11.8. A strong 
odor of hydrogen sulfide was perceptible, and the solution became colored. The 
concentration of arsenic returned to the initial level in two days. 

Experiment 3.—14.58 Gm. of aleohol-extracted hair were placed in 200 ¢.c. 
of sodium arsenite buffered to pH 4.1 containing the equivalent of 3.4 mg. As,O,,. 
At the end of five days there was no change in the concentration of arsenic. 

Separation of Corter and Medulla.—An attempt was made to separate 
cortex and medulla following the method of Jordan-Lloyd and Marriott'? for 
goat hair to determine whether the arsenic was unevenly distributed m the hair 
shaft. Four N sodium hydroxide proved, however, to be too strong for human 
hair and there resulted a brown solution which left no residue on centrifuga- 
tion. This was also true with a 3.38 N. No further attempts were made. 

Adsorption of Arsenic by Silk Fibroin.—The adsorptive power of silk 
fibroin was next tested to determine whether a similar scleroprotein and a 
keratin would behave in an identical manner. There were placed 13.3 Gm. in 
250 ¢.c. of sodium arsenite solution containing 0.02 mg. As.O./¢.c. There was 
no detectable decrease in the arsenic content of the solution after fourteen days. 
The initial concentration of arsenic in the fibroin was 0.23 mg. As.O,/100 Gm., 
and the final 0.26 me. 

TABLE V 


EXTRACTIONS OF FRACTIONS B! AND B2 








FRACTION TREATMENT TOTAL ASeOz ASoO3 DECREASE 





meg. mg./Gm., per cent 
Bl Initial 0.470 0.232 
NaOH (0.1 per cent) refluxing for two hr. 0.466 0,229 
HCl (0.1 per cent) refluxing for two hr. 0.458 0.227 
Alcoholic acetic acid (1 per cent) 0.058 0.029 
Initial 0.95 0.232 
Alcohol, refluxing for four hr. 0.93 0.228 
Alcohol, refluxing for twenty hr. 0.90 0.220 
Alcoholic HCl (0.1 per cent) 0.89 0.218 
H,O, (3 per cent) at 20° for twelve hr. 0.88 0.216 
H,O, (3 per cent) refluxing for four hr. 0.76 0.187 

(0.1 per cent) refluxing for one hr. 0.74 0.182 








NaOH 
HCl (0.1 per cent) refluxing for one hr, 0.71 0.174 
Alcoholic formic acid (1 per cent) 0.70 0.172 














Adsorption of Arsenic on Kerateine—The hair remaining from Experiment 
2 with adsorbed arsenic was treated after the manner of Goddard and Michaelis” 
with a solution of sodium thioglycolate (0.5M) of pH 11.4. When the hair had 
dissolved completely, the kerateine was precipitated by acidifying to pH 6. It 
was centrifuged; the precipitate was redissolved in 0.1 per cent sodium car- 
bonate and reprecipitated. This was repeated three times. The material was 
then dried, ashed, and the arsenic content was determined. Another specimen 
of normal hair which had not been exposed to arsenie in solution was also con- 
verted to kerateine and analysed. The results were as follows: normal hair, 
0.10 mg. per 100 Gm.; kerateine derivative, 0.086 mg.; hair exposed to arsenite, 
0.13 mg.; kerateine derivative, 0.015 mg. In the case of normal hair the arsenie 
followed the kerateine derivate, but this was not true for the hair with adsorbed 
arsenic. 
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DISCUSSION 

Most. investigators and analysts have been content to wash hair in water 
prior to analysis for its arsenic content and to assume this sufficient to remove 
any external arsenical contamination. Wihrer® extended this treatment to 
several washings with boiling water and 96 per cent aleohol in the cold for the 
estimation of the normal arsenic in human hair. His values ranged from less 
than 0.005 up to 0.095 mg. As.O, per 100 Gm. hair. Most of his 30 specimens, 
however, were less than 0.038 mg., and this agrees astonishingly well with our 
values on specimens of extracted hair. The problem of differentiation between 
arsenie originating from a hematogenous source and that from external sources 
seems to have been appreciated only by Smith and Hendry.'! These investi- 
gators have suggested tentatively that prolonged soaking in water would dif- 
ferentiate between arsenic absorbed in vivo and arsenie resulting from external 
contamination, or what we have ealled ‘‘internal’’ and ‘‘external’’ arsenie in 
this paper. On the other hand, they state that only 40 per cent of the arsenic 
absorbed from a solution of sodium arsenite by hair could be removed after 
fifteen days’ soaking in water changed every day. The experiments given above, 
however, demonstrate that such arsenic can be removed to the extent of 66 
per cent by water alone and even 74 per cent by other agents. This is unfor- 
tunately also true in general for arsenie originating in vivo. 

The objection might be raised that the treatment of two hours in boiling 
0.1 per cent NaOH or HCl was too drastic. It must be realized, however, that 
despite this treatment some arsenie remains fixed in the hair, whether originating 
“internally’’ or ‘‘externally.’’ It is possible that the isoelectric point of keratin 
at pH 4.9 plays a role in this phenomenon and that the absorption is chemical 
as well as physical. The fact that fibroin is inert and differs chemically from 
hair keratin as regards its sulfhydryl and disulfide groupings is also suggestive 


of chemical ‘‘fixation’’ of arsenic. This explanation is also suggested on the 
basis of the kerateine experiments. 


We are therefore forced to the conclusion that it is not possible to differenti- 
ate between arsenic originating internally from that of external origin. High 
values will still be of importance from a medicolegal point of view, but low 
values require definite evidence of absence of exposure to external sources. Our 
guinea pig experiments would suggest that to retain hematogenous arsenic, soak- 
ing in water for a few hours and washing with aleohol are all that are permissible. 
This procedure, however, will not remove arsenic from external contamination. 


SUMMARY 


Tests have been carried out to determine the effect of treating human hair 
prior to estimating its arsenic content in medicolegal practice. Ethanol or ether 
followed by dilute hydrochloric acid and sodium hydroxide removed 70 to 90 
per cent of the arsenic present. This procedure, however, also extracted over 
9) per cent in guinea pig hair after parenteral administration. 

Hair soaked in sodium arsenite solution absorbed arsenic slowly over sevy- 
eral weeks. This arsenic was removable to the extent of 66 per cent by distilled 
water. An additional 8 per cent could be extracted only with great difficulty 
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by the use of acid, alkali, alcohol, or potent ‘‘wetting’’ agents. When untreated 
normal hair was converted into its kerateine derivative, there was a loss in 
arsenic content of only 10 per cent, while this treatment of hair with adsorbed 
arsenic resulted in a loss of 89 per cent. Silk fibroin is inert toward arsenie in 
solution. 

Arsenic administered subcutaneously to guinea pigs has been detected in 


the hair within two days. 

It is coneluded that most of the arsenie in hair can be extracted by the 
use of relatively mild agents and that a small proportion is firmly fixed. There 
appears to be no distinction between arsenie of “‘internal’’ and ‘‘external’’ 


origin in human hair. 


We wish to acknowledge our indebtedness and to express our thanks to the Banting 
Research Foundation for a financial grant received by one of us (F. A. R.) during the 
course of this investigation. 
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DETERMINATION OF AMMONIA IN THE URINE* 


ANTHONY A. ALBANESE, PH.D., BALTIMoRE, Mp. 


FE FEF ORTS to eliminate some of the inconvenience prevailing in the determina- 
tion of ammonia by the Van Slyke aeration technique! led to the construe- 
tion of an apparatus of new design, the description and operation of which are 
presented here. Briefly, the novel features consist of a permanently connected 
aeration and reeeiving ehamber so assembled that the alkali solution is admitted 
into a closed system which obviates the possible loss of ammonia inherent to the 
addition of solid alkali into an open system. 

Apparatus and Solutions.—The apparatus (Fig. 1) consists of the follow- 
ing stock units: One 500 ¢.e. Dreehsel gas washing bottle (2); one 300 ©.c. 
evlindrical open top separatory funnel (A); one single bulb straight calcium 
chloride tube, 200 mm. long (B); one drain tube marked at 10 ¢.¢. intervals 
(C): two ovtlet aeration bulbs; two hose cock clamps; several glass bends made 
of 6 mm. tuding. These various items are suitably mounted on a ring stand and 
assembled with alkali-boiled rubber tubing and stoppers. 

Solutions.—The following are required: 0.05 N hydrochlori¢ acid contain- 
ing methyl red, 0.05 N sodium hydroxide, 0.0125 N ammonium sulfate, 80 per 
cent. potassium carbonate, 10 per cent castor oil in 95 per cent ethanol. 

Procedure.—The stopper of receiving chamber A is lifted and 10 ee. 0.05 
N HCl are added from a pipette. The volume of solution is increased to the 50 
ec. mark with distilled water. Now, the stopper ef aeration chamber B is raised 
and distilled water is added to mark 1; 5 ¢.¢. of urine or a suitable volume of 
any sample containing 0.3 to 2.0 mg. ammonia N is pipetted into this chamber; 
distilled water is added to mark 2, and finally a few drops of castor oil solution 
are added to inhibit excessive foaming. Both stoppers are made secure, and 
10 ¢.c. of 80 per cent K,CO, are run into B from alkali reservoir C by manipula- 
tion of hose cock Clamp J. The trapped suction is turned at half optimal speed 
for two minutes and at optimal speed for eight minutes. The optimal speed is 
determined by the aeration rate which can be maintained without entraining 
fluids into the outlet tubes. This is prevented to a great extent by the use of 
U-tube endings for the aeration outlets as shown in the diagram. The duration 


of acration necessarily varies with aspirators and should be determined by 
running a check with 5 ¢.e. of 0.0125 N(NH,).SO, (0.875 mg. N). When the 
requisite aeration period has elapsed, the suction trap is opened, the aspirator 
turned off, and stoppers to chambers A and B are loosened. The contents and 
Washings of A are run into the 125 ¢.c. Erlenmeyer flask D and the amount of 
ammonia collected is determined by back titration with 0.05 N NaOH. The 
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residue solution in B is discarded to the waste by releasing hose cock Clamp II. 
Both chambers are rinsed out thoroughly before the next determination. 
Performance Tests—A. The apparatus and method described below have 
been in use in this laboratory for more than two vears, during which time more 
than 1500 ammonia determinations have been done. It has been found that 
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Fig. 1. 


TABLE I 


RECOVERY OF AMMONIA-N FROM THE ADDITION OF AMMONIUM SULFATE AND UREA TO URINE 


NITROGEN AMMONIA-N AMMONIA-N AMMONIA-N 

SAMPLE ADDED FOUND RECOVERED RECOVERED 

MG. MG. MG. PER CENT 

. urine 0 1.33 0 

urine + (NH,).SO, 0.69 1.99 0.66 
. urine + (NH,),SO, 1.390 2.73 1.40 
urine + urea 4.50 1.34 0.01 
urine + urea 13.50 1.36 0.03 
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duplicate determinations check easily within 0.1 per cent. The results of tests 
shown in Table I indicate the recovery of added ammonia-N to be quantitative 
and the interference of urea to be negligible. 

Summary.—A new apparatus for the determination of ammonia has been 
described. It offers great ease of operation and accuracy. 
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Corrections 

In the article ‘‘Permanent Metachromatic Staining of Gastrie Mucus 
Smears’? by Manfred Hess and Franklin Hollander in the March issue of this 
JOURNAL 29: 321, 1944, page 322, line 22 should read: ‘‘through two changes 
of 1 per cent HCl (1 ¢e. of TICI, specifie gravity 1.18, to 99 ¢.c. of distilled 
water).’’ 

The use of 9 ¢.c. of water will yield a 10 per cent solution of HCl, which 
completely nullifies the metachromatic effect. 

In the article ‘‘Studies on a Polysaccharide From the Tubercle Bacillus”’ 
appearing in the March issue of the JOURNAL, page 233, Table I, the route of 
injection should be I.Q. and not L.V. On page 234, in Table IT, the average time 
of appearance in minimal eases is 3.8, not 38 hours. 





It is with deep sorrow that we have just learned of the sudden death of 
Dr. Warren T. Vaughan, Richmond, Va., on April 2. Dr. Vaughan served as 
Editor of this JouRNAL since October, 1923. An extended obituary will appear 


ina later issue. 





SIMPSON MEMORIAL INSTITUTE 
ANN ARBOR, MICH. 





BOOK NOTICES. 


Biochemistry for Medical Students* 


HIS new edition of Thorpe’s Biochemistry for Medical Students warrants careful con 

sideration by teachers of biochemistry in medical, dental and pharmacy schools. The 
order of presentation of the various subjects appeals greatly to the reviewer. For example, 
only a short chapter is devoted to digestion in general, leaving the specific digestion of 
the various energy foodstuffs to be discussed in the chapters dealing with their utilization. 
In these chapters digestion, absorption and intermediary metabolism are discussed in sequence, 
The chapter on lipids does not present as much of the recent conceptions of fat metabolism 
as would seem desirable. This is especially true of the section dealing with ketogenesis. 
A chapter on the utilization of oxygen and excretion of carbon dioxide has been added in 
this edition, The text on the whole is excellent. 

J, ©, FORBES 





The Pharmacology of the Opium Alkaloidst 


HIS is truly a monumental work covering every phase of the pharmacology of this most 


important group of compounds in detail. In the foreword by the late Doctor C. W. 


Edmonds is presented the historical background in connection with the development of this 
The bibliography contains more than 9,000 references beginning with the date of 


review. 
These two volumes will be of much interest to every member 


1800 and going through 1942. 
of the medical profession; they are ‘‘must’’ books for pharmacologists. 
H, B. Haag 


*Biochemistry for Medical Students. By William Veale Thorpe, M.A. (Cantab.), Ph.D. 
(London). Reader in Chemical Physiology, University of Birmingham. _Third Edition W 
39 illustrations, 476 pages, $4.50. The Williams and Wilkins Company, Baltimore, 1943. 

+The Pharmacology of the Opium Alkaloids. By Hugo Krueger, Nathan B. Eddy, 
Margaret Sumwalt. Supplement No. 165 to the Public Health Reports, $1.50 each. Part 
S91 pages; part 2, 775 pages. United States Government Printing Office, Washington, 
and 1943. 
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